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The “Doc” was ahead of his time thirty years ago 
when he chugged up Main Street— but he was 
looking forward to the better way of living the 
automobile has brought us today. With the 
automobile and its many blessings, came a new 
Industry—Natural Gasoline. From the first Hanlon 
plant built in 1908 with a few barrels capacity. 
Hanlon-Buchanan now supplies daily thousands 
of barrels of uniform high quality Natural Gaso- 
line for domestic, coastwise and foreign markets. 
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SPEAKING OF BACKSTABBING 


ATTORNEY General Jackson has announced 
that the much bruited suit against twenty-two large 
oil companies is to go forward. It is to be based on 
charges of conspiracy to restrict crude production, to 
hold down crude prices and to maintain unduly high 
sales rates for petroleum products. It also alleges 
discrimination in the operation of transportation 
facilities and marketing outlets. 

The action in this form differs greatly from the 
widely advertised advance notices of its original 
objectives. These statements proclaimed that the 
case, which had been in course of preparation for 
more than two years under the immediate direction 
of Assistant Attorney General Thurman Arnold, was 
to be the grand climacteric of the series of prosecu- 
tions directed against the oil industry for the past 
several years. It was to eviscerate the oil companies, 
to amputate their pipe lines and tankships, their 
bulk terminals and marketing outlets. Staged in the 
midst of a presidential campaign when full opport- 
unity existed for turning to the political advantage 
of the administration the anti-business prejudice to 
which it has constantly appealed it was to end the 
constructive progress made by the industry in the 
past thirty years and return it to the operating 
methods that existed in the derided horse and buggy 
days. Incidentally it was expected to establish Mr. 
Arnold as the champion trust buster of all time. 

This spectacular program was put into temporary 
eclipse when the Advisory Commission for National 
Defense pointed out that it would seriously impair 
the carrying out of plans already adopted by the 
Army and Navy for utilizing the resources of the oil 
industry in the national preparedness effort. While 
disavowing any purpose to interfere with the enforce- 
ment of laws against price fixing or other restraints 
on competition the Commission felt in duty bound to 
call attention to the effect upon national defense of 
breaking up the established organization of the oil 
companies which it described as ‘“‘well adapted to the 
defense program’. It mentioned specifically the 
arrangements made for construction by the com- 
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panies of new pipe lines and terminals for the use of 
the armed forces and pointed out that to prohibit the 
exchange of products between companies not only 
would upset defense measures that had been decided 
upon but would increase the cost of oil products to 
the government. 

While deferring to the Commission’s views the 
Attorney General at the same time addressed a letter 
to Senator Gillette, who months ago had sponsored 
a bill to force dismemberment of oil companies, in 
which he urged the Senator not to let the pendency 
of litigation deter him from pushing the adoption of 
the legislation he had been urging. 

This places the head of the Department of Justice 
in the position of acknowledging that the disintegra- 
tion of the oil companies at this time would create 
serious problems for the national defense but being 
perfectly willing to encourage Congress to erect 
permanent obstacles of the very same nature. This 
attitude of facing both ways unfortunately is not 
confined to one department but crops up repeatedly 
in Washington where admonitions to push national 
defense measures with all possible speed are accom- 
panied by the ignoring of or insistence upon barriers 
that make rapid progress impossible. 

The reputed offer of a supervising federal agency 
as an alternative to Court attack may not be true, 
but it is not unfair to say, especially as the name of 
Secretary Ickes was linked with it, that it is not 
inconsistent with repeated efforts of the administra- 
tion in the past, sometimes by prosecutions, some- 
times by persuasion and sometimes by inspired 
legislation, to bring the oil industry under the 
paralyzing hand of federal control. 

Looking into the record of the past seven years it 
is perhaps not surprising that the very time when the 
oil industry is being called upon to bend all its 
resources to the sadly belated task of national 
preparedness should be selected to assail the com- 
panies that can be most helpful in this work with a 
costly, time-consuming prosecution and to encourage 
legislation directed against their efficient operation. 
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Administration’s Oil Suit Collides With 
National Defense Program 


Wuue the spectacle of different bureaus 
or departments of the federal administration 
following diametrically opposed and mutually 
destructive policies has been repeated many 
times in Washington during the past seven 
years, no more striking example of it has 
occurred than the course recently followed in 
relation to the oil industry. 

When the Advisory Commission for Na- 
tional Defense was established, one of the 
subjects to which it directed early attention 
was that of their country’s oil supply. In view 
of the vital importance of oil in modern war- 
fare the necessity was recognized of providing 
adequate supplies of aviation gasoline, fuel for 
ships, tanks and trucks, and of developing the 
possibilities of petroleum in the supply of 
explosives and other war materials. Members 
of the oil industry were summoned to Wash- 
ington and the task of marshalling its full 
resources to serve the great national pre- 
paredness effort was pushed forward with the 
enthusiastic support of the entire industry. 

In the midst of this activity, the Depart- 
ment of Justice announced that it was about 
to proceed with the greatest of its oil industry 
prosecutions, an anti-trust action against 
twenty-two companies, including the largest 
ones in the business. This was no ordinary 
suit, but an intensive drive intended to smash 
these integrated companies by forcing them 
to give up their pipe lines, tankers and other 
means of transportation and to divest them- 
selves of their marketing outlets, including 
bulk plants, storage facilities and service 
stations. 

This move by the Attorney General was the 
result of no sudden decision. The suit had been 
in preparation for a matter of two years or 
more. Whatever other factors led to its being 
brought just ahead of the presidential election 
it could not be alleged that the defense cam- 
paign had any influence in causing it to be 
sprung at this time. However, the disastrous 
effect of breaking up the country’s leading oil 
companies and crippling their facilities at a 
time when the fullest coordination of effort 
was called for was so obvious that the Defense 
Commission, although it had no authority in 
the matter, was moved to intervene. 

This it did in the most polite way by asking 
the Attorney General to defer action until it 
could study the effect of the suit upon the 
national defense program. Under the circum- 
stances, the officials of the Department of 
Justice could hardly refuse so moderate a 
request and Attorney General Jackson an- 
nounced that the filing of the suit would be 
delayed pending the preparation of the re- 
port. He was careful to state that there was 
no commitment to drop the suit or to do more 
than defer action for the short time needed 
by the Defense Commission to prepare its 
statement. 
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The report of the Commission was made 
public September 19th. Though couched in 
restrained and deferential language, it blasts 
the proposal for disintegration of the oil 
companies on half a dozen fundamental con- 
siderations and shows that it would disrupt 
plans of the Army and Navy for provision of 
their emergency requirements of petroleum 
products. 

The full report of the commission follows: 


The Advisory Commission to the Council 
of National Defense has given consideration 
to the proposed anti-trust suit against the 
American Petroleum Institute and twenty- 
two major oil companies, their subsidiaries 
and affiliates, with a view to determining its 
probable effect on the defense program. 

The Commission appreciates that the 


Advisory Commission’s Report 


Declares Existing Structure of 


Industry Well Adapted to De- 


fense Needs and Shows That 


Breaking Up of Companies Would 


Disrupt Army and Navy Plans for 


Providing Needed Supplies. 


decision of whether or not to take action 
against any particular persons or corpora- 
tions for violation of the anti-trust laws must 
be made by the Attorney General in the 
exercise of his sound discretion. It further 
appreciates that in the work of the Depart- 
ment of Justice generally, and in the inter- 
pretation of the anti-trust laws and the 
institution of civil proceedings thereunder in 
particular, there are involved not only prob- 
lems of law but also problems of policy, in- 
cluding the harmonization of other aims and 
purposes of the nation. This report is sub- 
mitted in the belief that it will be of assistance 
with respect to the questions of policy pre- 
sented. 

The Commission’s primary function is to 
assure and facilitate the availability of ade- 
quate supplies of all materials necessary for 
the defense of the nation at the lowest cost 
consistent with other necessary objectives. 


The Commission, therefore, would deplore 
any condition or action leading to a failure of 
supply of such materials, whether for a short 
or long time, and whether partial or complete, 
or leading, among other things, to a lessening of 
efficiency, waste of natural resources, or any 
substantial increase in price to the Govern. 
ment or to consumers. 

In appraising the impact of the proposed 
suit on the defense program the Commission 
has examined the relief prayed for in the com. 
plaint and considered the effect of such relief 
upon the technical task of supplying petro. 
leum products so vital to our defense forces 
and industry. Emphasis has been placed upon 
the anticipated effects of granting the prayer 
for relief, rather than upon the anticipated 
effects of filing the proposed complaint, 
largely because the practical result of the 
suit can be tested only by the objectives of the 
Department as stated in its complaint. It js 
impossible, moreover, to say with assurance 
how long the trial of the issues raised by the 
complaint will require, how soon the struct- 
ural changes sought will be achieved, or even 
what the character of the defense program 
will be during that interim period. If the 
objectives of the suit are consistent with the 
interests of national defense, no question can 
be raised by this Commission. Our task is 
simply to determine so far as practicable 
whether those objectives in fact substantially 
impede the defense program. 

The Commission states at the outset that, 
in view of its desire to insure and facilitate 
adequate supplies at lowest cost, it is opposed 
to monopolistic or conspiratorial price-fixing 
and to artificial restrictions on supply of 
materials (except where restrictions on supply 
are temporarily necessary to promote sound 
conservation of the nation’s resources under 
law). Such price fixing and restrictions, al- 
ways a threat to the national welfare, ar 
particularly dangerous in time of emergency. 
The Commission does not have information 
adequate to justify comment upon the ve- 
rious allegations in the draft complaint re 
lating to price fixing and similar abuses in the 
wholesale and retail distribution of petroleum 
and petroleum products. But the Commission 
wishes to assure the Attorney General that it 
will wholeheartedly approve any appropriate 
legal action brought to eliminate such r 
straints on competition, where they are provel 
to exist. 

The other provisions in the draft com- 
plaint, primarily the prayer that twenty-two 
of the larger integrated oil companies, thei! 
subsidiaries and affiliates, be required to 
divest themselves of their transportation an¢ 
their marketing facilities, require thorough 
consideration from the defense viewpoint. 

Before considering the effect of such 4 
prayer, we may point out, although we do net 
propose to emphasize, that the suit has its I 
tangible aspects. Certain demands have bee! 
made and others will be made upon tlt 
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petroleum industry in connection with the 
defense program. From this industry, and 
from industry generally, the Government 
expects cooperation, and indeed enthusiasm, 
in furthering the defense effort. The Com- 
mission is loath to believe that the members 
of the industry, or the members of any other 
industry, would consciously permit any per- 
sonal resentment to interfere with the vital 
purchasing functions and supply needs of the 
Government. Yet the Commission is aware 
that any legal action seeking relief as rigorous 
and comprehensive as the one under con- 
sideration, whether based upon the anti-trust 
laws or not, has a tendency to becloud rela- 
tionships between the Government and 
industry. Such considerations, however, are 
speculative and difficult to appraise with 
certainty. 

In considering the effect of the prayer for 
divestiture by the oil company defendants of 
their transportation and marketing func- 
tions, the Commission recognizes that, apart 
from other considerations, the existing organ- 
izational structure of the oil industry is well 
adapted to the defense program. It simplifies 
problems of supply, and facilitates the mak- 
ing of firm and long-range commitments. 
Divestiture may entail a loss of technical 
management and efficiency. The readjust- 
ments contemplated by the suit, and the 
process of habituation under a new set-up, 
will involve complications and delays. Curbs 
on capital expansion, certainly during the 
period when the split-ups are still in contem- 
plation and not yet in effect, must be antic- 
ipated. Doubts and uncertainties may arise 
as to whether a company should undertake 
capital expansion in properties which may be 
divested, as to who will be able to afford such 
expansion (in view of the prospective division 
of capital resources), and even as to who 
could appropriately apply for Government 
assistance in such expansion. Eventually the 
Government will of course find some way to 
assure its supply. But time is precious. 

The Commission finds it impossible to 
estimate with precision or exactitude the 
extent to which obstacles to industrial prepara- 
tion for national defense are presented by the 
relief prayed for in the complaint. However, 
the Commission does not suggest that the 
proposed suit should be abandoned. The Com- 
mission feels it appropriate to point out, 
nevertheless, that to a greater or less degree 
certain prayers for relief may hinder the 
defense program. The Commission cannot 
undertake to meet the burden of proving, 
with court room evidence and logic, that such 
hindrances will ensue. But this balancing of 
national policies and weighing of judgments 
is peculiarly a matter for determination by 
executive officers rather than by judicial 
bodies accustomed to reliance upon legal 
precedents. And even where the likelihood 
of interference with the emergency effort 
cannot be explicitly demonstrated, substantial 
possibilities should control, especially when 
these are examined in the light of the rapidly 
expanding requirements for national defense. 
Some of the problems presented by the prayer 
for relief may here be elaborated. 
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In certain instances the proposal that the 
larger oil companies be required to divest 
themselves of all direct or indirect ownership 
or¥control of facilities used in marketing 
petroleum products may affect the construc- 
tion of such facilities pursuant to negotiations 
now under way or in prospect for national 
defense purposes. The proposed divestiture 
would involve not only local bulk plants, 
storage facilities and service stations but also 
trunk marketing facilities such as gasoline 
pipe lines,' barges, tank cars and terminals for 
petroleum products. At present both the 
Army and the Navy are interested in having 
private capital construct pipe lines to trans- 
port gasoline to the east coast states without 
the necessity of the long haul around Florida 
and up the Atlantic coast, which in time of 
emergency might be difficult and in any event 
would require a large convoy service. More- 
over, in time of emergency it would be possible 
to take a part of the burden of the gasoline 
deliveries to the east coast through these 
gasoline pipe lines and in turn release tankers 
for the purpose of handling the essential 
products such as Navy fuel oil which cannot 
be handled in crude oil or gasoline pipe lines. 
These gasoline pipe lines would also afford 
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Illinois well drilled by Caterpillar Diesel to 3,000 
ft. in 25 days an illustration of the speed and 
flexibility of the present industry set-up. 
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exceptionally desirable locations for some. of 
the reserve stocks of aviation gasoline for 
both the Army and Navy since deliveries can 
be made at low cost and removal can be 
effected readily even in time of emergency. 
An initial expenditure of approximately 
$13,000,000 is involved in the gasoline pipe 
lines now under consideration and it would be 
desirable to have private capital construct 
similar equipment for emergency use in other 
parts of the country. 

With respect to marketing terminals the 
program of the Army and Navy to care for the 
greatly increased stocks of aviation gasoline 
and Navy grade fuel oil has not yet been 
completely formulated. The Army plans to 
locate most of its interior reserve storage at 


points on gasoline pipe lines. Such location of 
large buried storage facilities would not only 
be virtually invulnerable but would make it 
possible to deliver the gasoline to the Army 
through any of the industry tap points or 
bulk plants located along the gasoline line or 
lines to which the Army storage would be 
connected. In addition, the Navy is giving 
consideration to the location of some of their 
reserve storage adjacent to or connected with 
petroleum products pipe lines at existing 
industry terminals. This would greatly reduce 
the investment in docks, lines, utilizing 
facilities and so forth and also minimize the 
labor required to guard and operate these 
facilities. 

It is clear that substantial additions to the 
gasoline pipe line and terminal storage 
capacity of the industry will be necessary 
under this program. Arrangements and under- 
standings to secure such gasoline pipe lines 
and storage may have to be discarded and 
delayed until the ability to perform is clar- 
ified, and later new negotiations begun with 
new parties if the existing companies are 
required to divest themselves of such facili- 
ties. Moreover, we must take note of the fact 
that the Government may well encounter 
hesitancies and delays on the part of refiners 
who are asked to extend their contractual 
commitments, particularly since substantial 
investments are necessary to meet anticipated 
demands and, indeed, are now being request- 
ed. Several of the larger oil companies may 
face financial difficulties due to the impact 
of the current international conflict on the 
returns from their foreign properties. And 
granting the relief prayed for in the draft 
complaint will of itself diminish the capital 
resources available for particular products. 
Even Government financing assistance would 
undoubtedly be delayed pending determina- 
tion as to the proper identity of the borrower 
and terms of the loan. 

Another proposal is that companies be 
prohibited from exchanging gasoline and 
other petroleum products. As a practical 
matter this would probably require the 
scrapping of the Army and Navy plan to in- 
sure the ready availability of Navy grade fuel 
oil and aviation gasoline at terminal storage 
points and would increase the cost of such 
products to the government. In any event 
this would increase the actual amount of 
transportation required, which would be 
highly undesirable in any period of emerg- 
ency. 

The draft complaint proposes that the 
larger oil companies be ordered to divest 
themselves of all direct ownership in the 
various media of transportation whereby 
crude oil is brought from the well to the 
refinery. These include primarily crude oil 
trunk pipe lines and tankers. 

Pipe lines today are admittedly utilized as 
plant facilities of petroleum refineries and 
afford to refineries of integrated companies 
the steady supply of crude oil regarded by 
such companies as essential to low cost con- 
tinuous operation. Divestiture of ownership 
in these facilities might under certain cireum- 
stances increase the difficulty of obtaining 
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supplies. Such a potentiality would be partic- 
ularly disadvantageous with respect to 
particular types of crude oil, used in the 
manufacture of high octane aviation gasoline 
and toluol specified by the Army and the 
Navy, a shortage of which is indicated by 
preliminary estimates of experts of the raw 
materials division of the Commission. Some 
expert opinion holds that the divestiture of 
crude oil pipe lines would lead to increase of 
cost to the government or even to the discon- 
tinuance in some instances of transportation 
of crude oil, where the transportation in and 
of itself is relatively unprofitable. It is 
similarly suggested that divestiture would 
delay or discourage construction of new 
connections. All the larger refineries and 
many of the smaller ones located on the Gulf 
Coast or in California have some crude oils 
available to them from their existing crude 
oil pipe line connections which would be use- 
ful for the production of these special 
materials. The curtailment or stoppage of the 
pipe line supply of these crude oils would 
occasion refiners difficulty in meeting their 
commitments under government contracts 
and consequently the prospect of pipe line 
divestiture might delay capital investment in 
necessary facilities to manufacture the re- 
fined products. 

The prospective divestiture not only may 
complicate refiners’ contractual commit- 
ments, but also may intensify the problem of 
financing certain additional crude oil pipe 
line construction. In order to safeguard 
against disruption of transportation in time 
of emergency, looping of trunk lines and the 
installation of additional pumping stations is 
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Portable rigs capable of relatively deep and fast 

drilling comprise but one part of the industry 

characterized by the National Defense Advisory 

Commission as well suited to requirements of 
National Defense. 


contemplated. Studies to determine the neces- 
sary amount of such new construction are 
now in progress. 

The commission wishes it to be understood 
that this general outline of problems to be 
met in the working out of the defense program 
does not mean that it in any way endorses 
the continuance of alleged abuses in crude oil 
pipe line operation. On the contrary, as has 
been indicated generally, if there are abuses, 
it favors their elimination, particularly if they 
result from any illegal combination or con- 
spiracy. However, it does not feel qualified 
to discuss this phase of the proposed suit. 

Capital problems are of course also present- 
ed by the proposal to divorce tanker facilities. 
A large proportion of the present tanker 
capacity of about 4,100,000 dead weight tons 
is approaching the end of the twenty-year 
period of useful life. The supply of crude oil 
to the refineries by tankers must be safe- 
guarded. However, it would appear that there 
is no absolute shortage of tankers foreseeable 
at the present time since new tankers already 
under construction plus tankers now chartered 
in foreign service which could be put in 
domestic service would probably meet our 
needs. The direct needs of the Army and 
Navy probably would not require a large 
proportion of the tanker capacity. 

In this general regard, you are advised that 
there is in the process of negotiation under the 


auspices of the Maritime Commission ani the 
Navy Department an arrangement for a'!oca- 
ting equitably as between the various com- 
panies the burden of supplying tankers ‘5 the 
Navy in time of emergency. If the suit is filed 
in the manner proposed, negotiations wil] 
have to cease. If effect is given to the proposal 
in the draft prayer, a new program wil! have 
to be devised and negotiated with the pogsi- 
bility of increased cost to the government. 


The American Petroleum Institut« 


The Commission, in its technical study of 
defense requirements, does not have to rely 
on trade associations for information and con- 
tact with their respective industries. It is true 
of course, that the Institute provides informa- 
tion on petroleum statistics which are not 
now available elsewhere, and arrangements 
would have to be made to supply this need. 


Conservation of Crude Petroleum Resources 


Military authorities have estimated that 
during war the requirements for petroleum 
products would increase about 25 percent 
above normal peacetime needs. On the basis 
of the 1939 consumption of crude petroleum 
of 1,250,000,000 bbl. an emergency would 
lead to additional needs for somewhat more 
than 300,000,000 bbl. a year. These 
estimates were made before the adoption of 
recent plans for expansion of the air force and 
extended mechanization of the land forces 
and are constantly being revised upwards, 

Our present reserves of crude petroleum 
have been variously estimated but probably 
approximate something in the neighborhood 
of 18,000,000,000 bbl. Consequently, there is 
no immediate problem of an over-all shortage 
of the basic raw crude though, as has been 
indicated, there may be problems with re- 
spect to certain crudes peculiarly valuable for 
military or naval use. The expansion, mech- 
anization and rigorous training of the armed 
forces would certainly bring about a vast 
acceleration in the rate of production. If 
this is not accompanied by sound methods of 
conservation, a protracted emergency would 
seriously diminish the oil resources of the 
country. Sound conservation is of the utmost 
importance to any adequate defense program. 

It must be remembered that the problem 
of crude reserves is not solely one of the 
amount of oil in the ground. The effect of in- 
creasing production per well would be a lower 
ultimate recovery. As time goes on, the lifting 
cost of the crude substantially increases and 
fewer barrels per day are recovered. Thus, 
though by simple arithmetic it would appear 
that the country’s reserves are good for more 
than ten years under emergency conditions, 
declining production and higher prices for 
petroleum products will arrive long before 
exhaustion of reserves unless the discovery 
rate is maintained and production is effected 
with a minimum of waste. The possible ad- 
verse effects upon the Government and the 
consumer are clear. 

In recent years, an expanding national 
demand for petroleum products has been met 
by the discovery of new sources of petroleum 
approximately equalling the amount of 
products consumed per year. It appears vital 
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Solemn faced, the jury assembles at Madison to demonstrate on behalf of the administration the perils of oil industry operation without 


that this rate of discovery remain unaffected. 
More and more, the business of prospecting 
for oil has come to depend on the availability 
of large capital resources. 

In the first instance, it seems that reduction 
of the size of the existing units in the industry 
will leave less capital available for explora- 
tion. Secondly, although the intendment of 
the draft complaint, and particularly Para- 
graph (17) of the prayer for relief is not clear, 
the power of the companies named as defend- 
ants to develop additional reserves may be 
inhibited. 

In addition, a development widely en- 
dorsed by federal and state conservation 
authorities has been the organization of a 
newly developed oilfield on a unit basis. The 
proposed suit would apparently prohibit such 
activities many of which are now carried out 
under the supervision of the Department of 
the Interior. These unit plans are deemed a 
major force in conservation since they reduce 
the number of wells to be drilled, conserve gas 
or hydrostatic pressure and otherwise conduce 
towards scientific production. This, of course, 
means lower investment costs per barrel of 
ultimate production and insures generally 
lower production costs and higher ultimate 
recovery of oil. 


Alter due consideration which may or may 
not have included an administration offer to 
withhold prosecution of the suit in return for 
abatement of opposition to federal control, 
the Department of Justice filed a complaint 
in U. S. District Court against twenty-two 
major oil companies and the American 
Petroleum Institute on September 30th. The 
purpose of the present action is considerably 
modified in deference to the representations 
of the National Defense Advisory Commis- 
sion. It no longer aims at the destruction of 
the present integrated form of important 
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the guidance and protection of federal control. 


units of the industry, but prays for relief for 
independent operators and consumers; the 
former from conditions under which they 
allegedly can not operate profitably, and the 
latter from excessive product prices, artifi- 
cially maintained by the defendants. 

An outstanding feature of the action is set 
forth in the official statement of the Depart- 
ment of Justice under the heading ‘‘Antici- 
pated Results of the Action’’. Here it is stated 
that ‘“‘...if the Department succeeds in this 
action, independent producers should receive 
higher prices for their crude oil, and inde- 
pendent refiners should be able to compete 
with the major oil companies. With competi- 
tion restored to the oil industry, gasoline, 
fuel oils, kerosene, and lubricants should be 
sold at lower prices to the consumer who 
should then receive the benefits of technolog- 
ical improvement, and the opportunity to 
purchase a variety of products.” 

The American Petroleum Institute comes 
in for heavy criticism in the statement of the 
Department of Justice. The complaint alleges 
that the defendants have conspired to re- 
strict production of crude oil and manufacture 
of petroleum products. These restrictions it is 
alleged are accomplished in part through a 
system of reports made to the American 
Petroleum Institute, covering the amount and 
locations of all stocks of petroleum products, 
owned and held by each of the defendants. 
On the basis of these reports it is charged, the 
Institute is able to make suggestions as to the 
amounts of petroleum products which should 
be manufactured and maintained in storage. 
The complaint further states that these 
amounts are less than the quantity which 
would normally be produced and manufac- 
tured. It is alleged that the Institute’s sug- 
gestions are adopted by the defendant, 
thereby accomplishing the restrictions which 
are complained of. The complaint further 


states that the defendants have agreed upon 
a price fixing program, covering the sale of 
petroleum products, marketing and price 
policies, methods and practices for fixing 
prices and stabilizing price structures, for 
lowering prices wherever they wish to elimi- 
nate independent competitors and raising 
prices wherever the competition of inde- 
pendent competitors has been eliminated. 
It is alleged in the complaint, that these 
agreements are reached at frequent meetings 
held under the auspices of the Institute. 

The Department of Justice states that the 
emphasis of this action is not only in the 
interest of independents but in the interest 
of consumers who have not as yet benefited 
by the recent successful prosecutions in the 
Ethyl Gasoline case and the Madison Oil 
case. 

In addition to the principal suit directed 
against twenty-two major oil companies and 
the American Petroleum Institute the De- 
partment of Justice contemplates three 
additional suits, one against the Philips 
Petroleum Company and the Philips Pipeline 
Company in the District Court of the United 
States for the district of Delaware. The 
second, against the Great Lakes Pipe Line 
Company in the same district and the third 
against the Standard Oil Company of Indiana 
in the northern district of Indiana. Each of 
these three actions are based on the charge 
that major oil companies receive indirect 
rebates from common-carrier pipelines on the 
oil which the major companies ship. 

It appears therefore, that the Department 
of Justice will proceed with its action against 
the oil industry, although the scope of the 
action will be less sweeping than originally 
planned. The suit will proceed simultan- 
eously with the enlistment of the resources of 
the industry in the building up of National 
Defense, 
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Roosevelt Poliey 


Successive Legislative Proposals 


Alternating With Prosecutions 


by Department of Justice Convey 


Message That Industry Must 


Accept Domination by Washing- 


ton or Face Attempted Disruption 


by Legal Assault. 
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AX. rHovcu the seven anda half years of the 
Roosevelt Administration have seen enact- 
ment of only two major laws directly affecting 
the petroleum industry a survey of the period 
presents a picture of continuous activity, 
most of it directed toward the extension of 
federal control over this industry. 

For two years the industry operated under 
the controls of the National Industrial Recov- 
ery Act and since the intermediate period 
which followed N.I. R. A.’s termination by 
Supreme Ccurt decision, several measures 
have been proposed looking to the expansion 
of federal authority, although the only 
important enactment has been the Connally 
Hot Oil act regulating interstate commerce. 

Meanwhile congressional committees, 
government departments and agencies have 
conducted investigations and surveys looking 
to further federal regulation, culminating in 
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the presentation of the Cole bill, drafted in the 
Department of the Interior and still pending 
in the House Interstate Commerce Committee 
with action by the present Congress unlikely. 

One recurring but subtle purpose is appar- 
ent throughout all the contradictions and 
cross-purposes that characterized the petro- 
leum policy of the Roosevelt administration. 
The desire for federal control of the industry 
is the thread that binds together so much 
seemingly purposeless maneuvering and that 
alone justifies the expression ‘“‘petroleum 
policy” as applied to the motives of the 
administration in regard to the United States’ 
second largest industry. 

Two lines of procedure have been followed. 
On the legislative front the effort has been to 
shift regulation from the states to the national 
government on the claim that this is the only 
effective way of establishing conservation and 
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Two significant buildings in the New Deal’s 

seven year campaign to bring the industry under 

federal control: Either the industry submits to 

being run by Ickes from the Department of the 

Interior on left, or it will continue to face trial 

in federal courts such as the Madison court 
house at right. 


stability. At the same time, the Department 
of Justice has conducted a series of prosecu- 
tions against members of the industry on the 
alleged ground that they were following the 
same practices of conservation and stabiliza- 
tion that the federal authorities wanted 
Congressional permission to impose. While 
these methods may seem to be contradictory 
they form in effect a double barrelled weapon 
carrying the message to the oil industry that 
unless it accepts federal control, it will find the 
path of independent operation a rocky road to 
travel. 

Following the anti-trust suit against 27 
corporations and 37 individuals for operating 
a price stabilization program started under 
federal direction and continued with implied 
federal sanction, indictments were sought 
against companies and individuals in the 
Pacific Coast division of the industry. These 
Suits were compromised by inducing the com- 
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panies to submit nolo contendere pleas and 
to pay nominal fines. The third chapter in the 
drive to break up the existing organization 
of the industry was the projected action to 
force the ‘‘disintegration” of 22 large com- 
panies in the eastern states which was 
halted temporarily by the report of the De- 
fense Commission showing that it might se- 
riously hamper defense plans now under way. 

Attorney General Jackson has since an- 
nounced that the suit is to go forward but 
that it is to be confined to charges of price 
fixing, restraints on production and discrimi- 
nation against smaller competitors. The at- 
tempt to dismember the companies by for- 
cing them to relinquish their transportation 
and distributing facilities has been postponed 
because of the disastrous effect which it threat- 
ened to have on the nation’s defense work. 

In the tax field Congress on three occasions 
has continued the one-cent-a-gallon tax on 
gasoline imposed in the Revenue Act of 1932. 
In the Revenue Act of 1940, the so-called 
defense tax bill, this impost was increased 50 
percent to 1% cents per gallon. 

Briefly the legislative and administrative 
activities of the Administration may be 
catalogued as follows: the National Industrial 
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Recovery Act, the petroleum investigation of 
1934, the Connaliy Act and the Oil Compacts, 
the Navy’s efforts to obtain title to tidewater 
oil deposits, the oil investigation by the 
Temporary National Economic Committee, 
introduction of the Cole bill for federal 
regulation of the industry and the licensing 
for export of high-test aviation gasoline and 
lubricating oil in a manner amounting to an 
embargo except for Western Hemisphere 
shipments. 

As the latest development the Recon- 
struction Finance Corporation has moved to 
set-up a new corporation to acquire large 
stocks of high-test aviation gasoline for the 
Army and Navy. It will be known as the 
Defense Supplies Corporation with a capital 
of $5,000,000. Fifty million dollars has been 
allocated by the R. F. C. for the purchase of 
this gasoline and storage at strategic points 
throughout the country will be selected. 

Any history or evaluation of the legislative 
and administrative activities of the Roosevelt 
Administration relating to the petroleum 
industry must take into account the situation 
confronting the industry when the Adminis- 
tration took office March 4, 1933. 

The period of 1930-1933 had been marked 
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by a series of new pool discoveries accentuated 
when the potential of the East Texas field 
became apparent in 1931. That year signal- 
ized the first proposal for an interstate oil 
compact presented to the then Federal Oil 
Conservation Board by the Oil States Advis- 
ory Committee composed of officials of the oil 
producing states, principally those of the 
Mid-Continent area. 

As a result, Oklahoma, Kansas and Texas 
entered into an informal compact setting 
quotas for each state’s production for the 
remainder of 1931 and the entire year 1932. 
Volunteer committees, acting at the request 
of the Federal Oil Conservation Board, pub- 
lished a series of estimates of domestic 
petroleum requirements for the guidance of 
the states and the industry. From mid-year 
1931 the average posted price for average 
Mid-Continent crude rose from 18 cents a 
barrel to 92 cents in April 1932, but despite 
some postage as high as $1.04 a barrel in 
October 1932 the pressure of oil on the 
market forced the price downward until 1933 
found crude again below 50 cents a barrel. 
Thus, while improvement had been achieved 
during the initial days of proration, increased 
potentials, more and more wells, and bootleg 
oil combined to bring the industry back where 
it started from. By January 1933 it was clear 
that attempts at curtailment had been un- 
successful and the industry faced a definite 
crisis. 

An effort in the Senate early in January to 
bring about a price investigation by the 
Federal Trade Commission failed through 
lack of action on the part of the House and 
the developing situation caused Secretary of 
the Interior Ickes on March 27, 1933, to con- 
vene a conference of the governors of the 
oil producing states, the recommendations of 
which were submitted to President Roosevelt. 
On April 3, the President, in reply, announced 
he was prepared to accept the reeommenda- 
tions and to ask Congress for legislation 
“prohibiting the transportation in interstate 
commerce of any oil or the products thereof 
produced or manufactured in any state in 
violation of the laws thereof.”’ 

This was the first suggestion of legislation 
which became the Connally hot oil act in 
1935 but not until after the period of NRA 
and the operation of the Code of Fair Com- 
petition for the petroleum industry, which 
with the hot oil act, and its subsequent exten- 
sions constitute the major federal measures 
for control of the industry in the last seven 
years. 

During the week of the Governors’ confer- 
ence in Washington in 1933 the production of 
the East Texas field increased markedly and 
the national production for the week ending 
April 1 was 600,000 bbl. a day higher than the 
production recommended by the conference 
(2,000,000 bbl. daily). Shutdowns in impor- 
tant fields, including three in East Texas, em- 
phasized the magnitude of illegally produced 
oil in the latter area, estimated at the time 
as approximately 150,000 bbl. daily. 

At the same time when this situation was 
developing in the producing fields, Washing- 
ton was witnessing an unpublicized but bitter 
struggle waged by Secretary Ickes to obtain 
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control of the industry. A move was on foot to 
change the name of the Department of the 
Interior to the Department of Conservation. 
The United States Bureau of Mines in the 
Department of Commerce was shorn of 
several of its functions and attempts were 
made to assign these duties to the Interior 
Department. Such efforts, however, met with 
uncompromising opposition from the Com- 
merce Department and while this inter- 
departmental war engaged the attention of 
the administration, the impact of the critical 
Texas situation was being felt in Congress. 
Taking advantage of favorable legislative 
conditions thus created, identical bills were 
introduced on behalf of Secretary Ickes by 
Senator Capper of Kansas and Representative 
Marland of Oklahoma the intent of which was 
to invest the Department of the Interior with 
power ‘“‘to preserve and protect the correlative 
rights of the states, and regulate the trans- 
portation and sale in interstate and foreign 
commerce of natural gas, crude petroleum and 
the products thereof.” 

During the same period legislation which 
was later to be known as the National Indus- 
trial Recovery Act was being considered and 
the President on May 20 addressed letters to 
the Senate and House relative to incorpora- 
ting in the recovery bill special provisions 
covering oil. Out of this grew Section 9 of 
NIRA, the first two paragraphs dealing with 
pipelines and the third, Section 9(c) with the 
prohibition against transportation in inter- 
state and foreign commerce of oil produced or 
withdrawn from storage in violation of state 
law. 

The order applying this authority was 
issued July 11 and its administration dele- 
gated to the Secretary of the Interior, who in 
turn issued general regulations prohibiting 
such movements of oil except upon affidavits 
certifying that the oil had been produced or 
withdrawn as prescribed by state law. The 
first order was of national application but by 
superseding order the area of application was 
restricted to the Oklahoma City and East 
Texas fields. 

Since the Secretary of the Interior was 
administrator of both the Petroleum Code 
and Section 9(c) of NIRA it is fitting to 
mention the code activities, made effective 
September 2, 1933, before considering the 
transition from the “affidavit period’ to the 
“Tender Board period’”’ under Section 9(c). 

The work of the Code Authority and its 
Planning and Coordination Committee was 
concentrated, at the outset at least, on 
production, although the code contained 
sections covering oil refining, marketing and 
wages and hours. The code provided means 
by which market demand could be allocated 
to the producing states. Article III of the code 
containing provisions relative to the produc- 
tion of crude oil dealt with (1) limitation of 
imports of crude petroleum and petroleum 
products for domestic consumption; (2) with- 
drawals of crude oil from storage; (3) estimates 
of required crude oil production to balance 
consumer demand and allocation among the 
states; (4) relationship between representa- 
tive crude oil and gasoline prices; (5) estab- 
lishment of price schedules and determination 


of cost of production; and (6) planned devel. 
opment of new pools. 

During the code period, imports of petro. 
leum and its products were held down. With. 
drawals of oil from storage were cont rolled; 
allocations were followed within an a “erage 
of 4.7 percent (excess), and production was 
held to a comparatively flat level, rel: tively 
free from wide seasonal fluctuations; studies 
were conducted on the cost of crude jj 
production, and more than 350 plans ‘or the 
orderly development of new pools were 
approved. 


Returning now to Section 9(c) the gradual 
increase in the amount of crude petroleum 
produced in excess of allowables in the sum. 
mer of 1934, particularly in East Texas, made 
it apparent that the “‘affidavit’’ system was 
not effective. As it was only transitional in the 
development of legal principles and of the 
“tender” system later adopted and carried 
on into the Connally Act, detailed analysis js 
not necessary. Conflicting court decisions and 
difficulties of proving violations led to its 
abandonment and the establishment of the 
Federal Tender Board in October, 1934, 
Under regulations of the Board, certificates of 
clearance were required as a condition preced- 
ent to the movement of petroleum in inter- 
state and foreign commerce out of East 
Texas. 


The first Federal Tender Board ceased to 
function January 7, 1935 when the Supreme 
Court in the Panama and Amazon cases held 
Section 9(c) invalid as improper delegation of 
legislative authority. The court decision 
removing the power of the Secretary of the 
Interior to control oil shipments had scarcely 
been announced when Ickes, in pursuit of a 
fuller measure of federal control, declared 
that the opinion of the Court ‘“‘emphasizes the 
necessity for specific and adequate legislation 
to effectuate a rational conservation pro- 
gram.” 


Then came the Connally bill in the Senate 
and its counterpart, the Disney bill in the 
House to be redrafted and passed in February 
1935. While the debate in the Senate was 
based generally on legalistic grounds the 
discussion in the House guided by Adminis- 
tration-inspired forces turned on the neces- 
sity for federal and state cooperation in the 
enforcement of state conservation laws. This 
attitude was based on the exhaustive petro- 
leum investigation conducted in 1934 by the 
Cole subcommittee of the House Interstate 
Commerce Committee, an investigation re 
vived in 1939 at the request of President 
Roosevelt and resulting in the recent sub- 
mission of a new draft known as the Cole Bill 
providing for federal control of the oil indus- 
try. This measure still is pending in the Cole 
subcommittee. 


The annual report of the Secretary of the 
Interior for the fiscal year 1935 carries the 
story from the passage of the Connally Act 
to the end of June 1935 as follows: 


“On February 22, 1935, the Connally law 
was passed by Congress, eliminating the 
defects found by the Supreme Court In 
Section 9(c) by specifically prohibiting 
interstate or foreign commerce in hot ol. 
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Federal Tender Board No. 1 was estab- 
lished under this law on March 1, 1935, and 
shortly thereafter Federal Petroleum 
Agency No. 1 was set up under the same 
law to perform the administrative and 
investigative functions in connection with 
the applications for approved tenders filed 
with Federal Tender Board No. 1. The 
federal tender system has functioned 
effectively since that time and has prevent- 
ed any substantial movement in interstate 


commerce of hot oil or gasoline out of East 
Texas.”’ 


With the Supreme Court’s decision in the 
Schechter Case, May 27, 1935, the adminis- 
tration of the Petroleum Code was termina- 
ted. The Petroleum Administrative Board, 
which had assisted in the enforcement was 
reduced to a group that completed studies, 
either underway or requested by the President. 
On March 31, 1936 Secretary Ickes, as 
administrator of the Connally law, estab- 
lished the present Petroleum Conservation 
Division in the Department of the Interior. 


OCTOBER 1940 


Attorney General Robert H. Jackson, left, leaves 
the White House to inaugurate oil industry 
prosecution as part of administration policy in 
which Ben Cohen, right, has an important voice. 


This division continues to function as the 
Connally law which was to have expired by 
limitation June 16, 1937 was extended to 
June 30, 1939 and again extended to June 
30, 1942. In addition to advising and assist- 
ing the Secretary of Interior in enforcement 
of this law the Division has duties authorized 
as follows: 


‘To discuss the work of any agency deal- 
ing with oil and gas; recommend action 
in any case brought to its attention; coord- 
inate information; and, through appro- 
priate channels, act as the contact agency 
with the Interstate Oil Compact Commis- 
sion; present required data to Congress; 
attend oil and gas conferences in which the 
department is interested; cooperate with 
the oil-producing states in the study of 
physical waste and the enactment of 


uniform oil and gas conservation laws; and 

contact other departments of the govern- 

ment whose work deals in any measure 
with oil and gas.”’ 

While the administration was thus engaged 
in endeavoring to seize control of the oil 
industry, the industry itself turned its atten- 
tion to clearing up conditions that might be 
used as an excuse for extending the scope of 
federal control. For this purpose the Inter- 
state Oil Compact was executed in February 
1935 and subsequently ratified by the states 
of New Mexico, Kansas, Oklahoma, Illinois, 
Colorado and Texas. Formal consent to the 
compact for an initial period of two years 
was given by Congress in Public Resolution 
No. 64, Seventy-Fourth Congress. This 
authorization was extended for another two 
years in 1937 and again in 1939 for a period of 
three years or until September 1, 1942. 

The declared purpose of this agreement 
between the compacting states is ‘‘to conserve 
oil and gas by prevention of physical waste’’ 
and each state agreed that within a reason- 
able time it would enact laws to prevent 
wasteful drilling and spacing practices and to 
deny access to commerce for oil produced in 
violation of state conservation laws. Specif- 
ically Article IV of the compact denied any 
purpose ‘“‘to authorize the states joining 
herein to limit the production of oil or gas for 
the purpose of stabilizing or fixing prices.” 

The Compact Commission by which the 
agreement is administered was organized 
with four permanent committees, conserva- 
tion, coordination, consumption and imports 
and exports. Two additional committees: o: 
economics and forecasting market demand 
were added in 1938. The committee on 
coordination at the organizing meeting was 
assigned the duty (1) to ascertain as accur- 
ately as possible the aggregate potential 
production of either oil or gas, or both, of each 
member state, and the percentage thereof 
actually being produced; (2) to report period- 
ically as often as the Commission may direct, 
an estimate of the proven petroleum reserves, 
including the above ground storage, for the 
United States, together with a statement of 
the method and manner of preparing such 
estimates; and (3) to recommend plans 
whereby the producing ability of wells may 
be more correctly and uniformly determined 
among the member states and incorrect 
estimates of well potentials eliminated as far 
as possible. 

The Commission recommended that the 
Department of the Interior, pursuant to the 
Connally Act, continue to collect and dis- 
tribute to state enforcement agencies current 
information of tanker and barge line ship- 
ments and that the periodical findings of the 
Bureau of Mines with reference to consump- 
tion and supply and demand, be given proper 
and due consideration by state regulatory 
bodies. Efforts of the Commission were re- 
sponsible for additional appropriations for the 
Bureau of Mines to add to information as to 
petroleum stock which had proved one of the 
most troublesome features of the Bureau’s 
forecast work. 

Although conditions in the industry were 
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not ideal, the Connally Act, together with the 
careful regulation of the more important oil 
producing states, removed the basis pre- 
viously used to support the demand for full 
federal control of the petroleum business. 
The administration thereupon turned its 
attention to a less direct but significant 
approach to its objective. 

Early in 1938 the Navy Department, 
presumably acting with administration ap- 
proval, sponsored a_ resolution asserting 
federal title to all petroleum deposits along 
the seaboard of certain states. It was passed 
by the Senate only to die in the House with 
the termination of the Seventy-Fifth Congress 
despite the fact that it had been reported by 
the Judiciary Committee in rewritten form 
and restricted to the tidewater lands of 
California in which the Navy is primarily 
interested. 

The resolution appeared again in the 
Seventy-Sixth Congress sponsored by Senator 
Nye of North Dakota and Representative 
Hobbs of Alabama in the Senate and House 
respectively. Exhaustive hearings in Senate 
Public Lands and House Judiciary Com- 
mittees provoked general opposition from 
all interested states, particularly the oil- 
producing states of California, Texas and 
Louisiana. Others were represented in oppo- 
sition because of the legal question involving 
federal and state rights to underwater areas 
within the three-mile limit. 

Although immediate affirmative action on 
the proposal appears doubtful any legislation 
enacted ‘is almost certain to be limited, for 
practical and test purposes, to the California 
area and to be based on national defense 
requirements. The Navy, in the San Joaquin 
Valley, maintains Naval Petroleum Reserves 
No. 1 and 2. According to Commander 
William G. Greenman, inspector of naval 
petroleum reserves, these now constitute less 


Senator Guy M. Gillette (seated) receives advice 

from Paul Hadlick at hearings on Gillette’s ad- 

ministration-inspired bill to divorce marketing 

and transportation from producing and refining. 

Jackson has urged that the bill be pressed re- 

gardless of its detrimental effect on national 
defense. 


than 20,000 acres of what may be called good 
oil land. 

Even this land, according to the Navy’s 
contention, is threatened by drainage from 
private property checkerboarded within it 
and steady depletion by developments along 
the eastern border. In this connection Con- 
gress passed legislation authorizing the 
Secretary of the Navy to consolidate the 
reserve by removing private land through 
exchange or purchase, but it remains the 
view of the Navy Department that the 
reserve, as it stands, contains oil which can 
not be recovered with sufficient rapidity and 
in quantities ample for defense requirements. 

The Navy has directed a survey to deter- 
mine the extent of the reliance that could be 
placed on the future supply of crude oil of the 
state in relation to national defense and has 
been critical of the lack of machinery or 
organization in the state government of 
California for obtaining and disseminating 
information of this sort. 

It may be assumed that the efforts of the 
Navy Department received administration 
backing because of their value in establishing 
precedents in regard to national defense 
reserves. 

Unsuccessful in its attempts to secure a 
measure of control over the oil industry, com- 
parable for example to the control it exer- 
cised over agriculture, the Administration 
embarked on a program to break down the 
resistanceto government control that stemmed 
principally from within the oil industry itself. 


If major and independent oil companies were 
unanimous in insisting on maintenance of 
free economy, it became important to the 
Administration to demonstrate how dis. 
advantageous such freedom of operation, 
even with voluntary and state contro! could 
be. Hence another investigation of the 
petroleum industry, on which hearings were 
held after the introduction of the Cole bil 
but before the Cole committee started 
testimony, was initiated by the Temporary 
National Economic Committee. Although 
part and parcel of the T. N. E. C.’s program 
of presenting ‘‘a broad picture of the manner 
in which the American economic system 
functions” the T. N. E. C.’s presentation on 
oil elicited testimony from representatives 
of the industry on the same problems and 
covering the same ground subsequently 
worked over by the Cole committee. 

In advance of its hearings the T. N. E.(. 
announced that the oil industry was “‘ideally 
suited” for such a presentation since it 
operates throughout the United States, 
Designating the show as a new type of 
congressional hearing the committee sought 
the cooperation of the American Petroleum 
Institute, other trade associations and inde- 
pendent groups in assembling the statements 
and the witnesses. 

For several weeks the testimony ranged 
through discussions of profits and _ prices, 
alleged monopolistic control and on into the 
familar suggestion for divorcement of produc- 
tion from transportation and marketing. The 
last suggestion and its development both by 
T. N. E. C. and in hearings before the House 
Judiciary Committee on the Harrington bill 
directing such divorcement, may have afford- 
ed the basis for the suit since projected by 
the Department of Justice against a score of 
the major companies to bring about such 
divorcement on the grounds that pipelines 
and outlet ownership may be a violation of 


the Elkins Act directed against railroad 
rebating. 
Dr. John Ise, economic adviser for 


T. N. E. C. told the committee that 20 major 
companies controlling only 23 percent oi 
domestic producing oil wells, dominate 
virtually every other phase of the $14,000, 
000,000 industry. In some of its departments, 
he said, the oil industry does not ‘‘fit into the 
pattern of competitive business.” 

The view that the industry “‘is tainted with 
monopoly”’ was challenged for the industry 
by J. Howard Pew, president of the Sun Oil 
Company, who insisted that all elements 0! 
monopoly had been eliminated from the 
industry thirty years ago. Petroleum prod- 
ucts, he pointed out, were the cheapest 
commodities in general use, despite the fact 
that the aggregate tax on the industry’ 
activities and products is the highest in the 
land and the wages paid among the highest. 
As proof that the industry was carried on 0 
a large-volume principle, Mr. Pew offered 4 
table of prices of gasoline in twenty-six 0 
the world’s capitals, showing that on October 
1, 1938 the 19.20 cents a gallon in the United 
States was the lowest with the 81 cent mars 
in Rome the highest. 
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No little testimony was advanced advoca- 
ting revision of the anti-trust laws in manner 
which would permit voluntary agreements 
after the fashion of N. R.A., a line which 
opened up questions from committee counsel 
to show that there was little unanimity in 
government counsel on the current interpret- 
ation of the anti-trust statutes. 

Under the program arranged by T.N.E.C. 
reports on the oil presentation are to be sub- 
mitted to the committee by the Departments 
of Commerce and Justice upon which the 
committee in turn will make its final reports. 
Neither the departments’ reports nor the 
committee’s finding are expected for several 
months. 

Another step in the campaign to break 
down oil-industry opposition to government 
control was taken late in 1937 when the 
petroleum industry was unexpectedly con- 
fronted with government prosecution of 
27 corporations and 37 individuals in the 
Madison trials for violations of the Sherman 
anti-trust law which had previously been set 
aside in the NRA experiment for the specific 
purpose of encouraging agreements for sta- 
bilization of prices. Much has been written, 
pro and con about the trials which resulted 
in convictions in the Federal District Court 
of Wisconsin, their reversal by the Federal 
Circuit Court of Appeals and another reversal 
by the Supreme Court, in a 67-page decision 
by Justice Douglas with Chief Justice Hughes 
and Murphy not participating and Justices 
Roberts and McReynolds dissenting. 

In 1934 when the retail markets were being 
swept with price wars the Petroleum Admin- 
istrative Board cooperating with N.R.A. asked 
C. E. Arnott, vice president of Socony- 
Vacuum, as chairman of the marketing com- 
mittee of the oil code authority’s planning 
committee, to head up a voluntary coopera- 
tive movement to deal with the price wars. 
When he pointed out that in order to stabilize 
the retail market it would be necessary to 
stabilize the tank car market through elim- 
ination of “‘hot’’ oil and distress gasoline. 
Secretary Ickes as Administrator wrote Mr. 
Arnott as follows: 

“I am requesting and authorizing you; 
as chairman of the marketing committee to 
designate committees for each locality 
when and as price wars develop, with 
authority to confer, negotiate and hold 
hearings with a view to ascertaining the 
elements of conflict, and in a cooperative 
manner to stabilize the price level to con- 
form to that normally prevailing in contig- 
uous areas where marketing conditions are 
similar. 

A general stabilization committee was ap- 
pointed with headquarters in Washington 
and state and local committees set up. The 
Petroleum Administrative Board worked 
with the committee and its mechanical sub- 
committee until the termination of the 
petroleum code in the middle of 1935, the 
code authority defraying the expenses. The 
complaint of the government in the subse- 
quent prosecutions was that this stabilization 
work, and more particularly the operations 
of what was called the Tank Car Stabiliza- 
tion committee was continued after the 
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Thurman Ar- 
nold, assistant 
attorney gen- 
eral, whose two 
years work on 
a suit designed 
to destroy the 
integrated 
form of the oil 
industry was 
completed just 
in time to en- 
danger serious- 
ly the national 
defense pro- 


gram. 


Supreme Court’s final invalidation of NIRA. 

“The alleged conspiracy,” said Justice 
Douglas’ opinion in which the judgment of 
the Circuit Court of Appeal was reversed and 
the contention of the government upheld, 
“fs not to be found in any formal contract or 
agreement. It is to be pieced together from 
the testimony of many witnesses and the 
contents of more than 1,000 exhibits, extend- 
ing through 3,900 pages cf the record.” 

The Tank Car Stabilization Committee, 
according to the outline of the developments 
set forth in the Douglas decision, was the out- 
growth of discussions at the Chicago meeting 
of the general stabilization committee. The 
tank car stablilization committee was “to 
consider ways and means of establishing and 
maintaining an active and strong tank car 
market on gasoline.’’ The first meeting of the 
tank car committee was held February 5, 
1935 and the second February 11, 1935. “At 
these meetings the alleged conspiracy was 
formed,” said the Douglas decision, ‘“‘the 
substance of which, so far as it pertained to 
the important Mid-Continent phase was as 
follows: 


“It was estimated that there would be 
between 600 and 700 tank cars of distress 
gasoline produced in the Mid-Continent oil 
field every month by about 17 independent 
refiners. These refiners, not having regular 
outlets for the gasoline, would be unable to 
dispose of it except at distress prices. 





Wide World 


‘Accordingly, it was proposed and de- 
cided that certain major companies (in- 
cluding the corporate respondents) would 
purchase gasoline from these refiners. The 
Committee would assemble each month 
information as to the quantity and location 
of this distress gasoline. Each of the major 
companies was to select one (or more) of the 
independent refiners having distress gaso- 
line as its ‘dancing partner’, and would 
assume responsibility for purchasing its 
distress supply. In this manner buying 
power would be coordinated, purchases 
would be effectively placed, and the results 
would be much superior to the previous 
haphazard purchasing. 

“There were to be no formal contractual 
commitments to purchase this gasoline, 
either between the major companies or 
between the majors and the independents. 
Rather it was an informal gentlemen's 
agreement or understanding whereby each 
undertook to perform his share of the joint 
undertaking. Purchases were to be made at 
the ‘fair going market price’.”’ 


Shortly after the invalidation of NIRA, the 
tank car committee, the court decision point- 
ed cut, held a meeting to discuss a future 
course of action and it was decided that the 
buying program should continue. ‘‘Accord- 
ingly,’”’ said the Douglas decision, ‘the com- 
mittee continued to meet each month through 
February 1936, the procedure at these me>2t- 
ings being essentially the same as the earlier 
one and gradually the buying worked almost 
automatically.” 


Continued lon page 55 
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Does Your Candidate Favor Reasonable 


GASOLINE TAXATION 


Fortheoming Elections Give 


Motorists an Opportunity to De- 


termine Attitude of Various Can- 


didates on Gasoline Taxation 


Rates and Diversion of Gasoline 


Tax Funds to Other Than High- 


way Uses. 


THE voice of America’s automobile tax- 
payers, for years vainly crying in the wilder- 
ness of political indifference, has at last 
been heard. As a result, motorists’ problems 
will receive greater attention at the elections 
on November 5 than ever before. 

Typical of the current attitude toward 
motorists is the plank included in the plat- 
form of Maine’s Republican party favoring 
“‘a lessening of the burden of taxation and 
regulations now borne by owners of motor 
vehicles.” 

The campaign platforms in several states 
specifically refer to restriction or reduction of 
gasoline tax rates. In South Dakota, the 
Democratic party promises not to advance 
that state’s four-cent gasoline tax rate, and 


elt we 


L why — t 


Technological improvements such as the Lane- 
Wells gun perforator and the Hortonspheroid 
illustrated below have resulted in reduced costs 
for petroleum products: while gasoline prices 
decline, taxes increase with the result that con- 
sumers lose the benefits of such improvements, 





the Republican party in Iowa has similarly 
pledged itself to maintain the three-cent rate. 
The G. O. P. in Indiana and South Dakota 
have gone a step further and offer to slash 
current gasoline tax rates. The gas tax cut in 
Indiana was the only outright tax reduction 
advocated. 

The most popular issue championed by 
candidates of both political parties refers to 
the safeguarding of gasoline tax and motor 
vehicle registration revenues for highway pur- 
poses. Tennessee and North Carolina are 
typical examples of the vote appeal which the 
so-called diversion issue can have. 

Over the past five years Tennessee high- 
ways have lost $10,700,000 as a result of raids 
on the highway funds. Motorists have in- 




















sisted that this diversion be stopped and that 
a legal barrier be erected to protect the state’s 
road funds. As a result more than 100 candi- 
dates for the legislature have been publicly 
advocating various methods of protecting 
highway funds. 

In North Carolina, a traditionally Demo- 
cratic state, every one of the six Democratic 
candidates in the primaries pledged himself 
if elected, to dedicate gasoline tax and license 
fee revenues to highways exclusively. The 
winning candidate proved to be J. M. 
Broughton of Raleigh, who declared, ‘‘Not 
one dollar of the highway money should be 
diverted for any other purpose. All of our 
highway funds are needed for road building 
and improvement. It would be folly to permit 
so magnificent an asset as our highway system 
to get into disrepair or fail to keep abreast of 
the rapid progress we are making.” 

That the diversion of road funds is a poor 
business policy is stressed in both the Repub- 
lican state platform in Indiana and by the 
Democratic governor of Maryland, Herbert 
R. O’Connor. ‘““We have put a stop, for all 
time, we hope, to the diversion of gasoline 
tax receipts to other than road purposes,” 
said Governor O’Connor recently. ‘Even in 
the throes of the financial emergency in which 
the state was plunged, such diversion was 
a drastic error, an error from whose con- 
sequences it will take our state some years 
to recover, no matter how strenuously we 
try.” 

When voters in South Dakota, Idaho, and 
Nevada go to the polls on election day they 
will be handed a ballot giving them the 
opportunity to ratify or reject amendments 


to their respective constitutions. If adopted, 
these amendments will establish as a basic 
principle that money collected from motor 
vehicle owners in special highway taxes must 
be used for highways only. 

Preliminary reports from these states 
indicate that all of the proposed amendments 
have more than a fighting chance of passage. 
Each has been approved by the state legisla- 
ture. In addition, ratification of the Idaho 
amendment has been recommended by both 
major political parties, while the Nevada 
amendment has the blessing of the adminis- 
tration as well as some political leaders of the 
minority party. 

The possibility of passage of the South 
Dakota amendment has been enhanced by 
two recent events. One was the insertion of a 
plank in the state Republican platform con- 
demning the practice of diversion. Most 
potent influence, however, was the over- 
whelmingly favorable vote given a similar 
amendment last June in the neighboring 
state of North Dakota. The South Dakota 
amendment has the backing of many of the 
leading business organizations and all of the 
farm organizations in the state. 

Considering the time required to adopt 
amendments, usually from two to five years, 
the rapid progress of the movement to safe- 
guard highway funds has been little short of 
phenomenal in the past five years. The 
automobile had not been invented when 
most state constitutions were adopted, so no 
provision was made to ear-mark special high- 
way tax funds for roads. 

Minnesota was the first state to establish 
the principle that highway tax funds should 


remain inviolate, and Kansas and Missouri 
soon followed suit, but up to 1935 those were 
the only states in the Union with such 
provisions. 

Similar amendments have since been 
ratified by the people of Colorado in 1935, by 
the voters of New Hampshire, Michigan, and 
California in 1938, and by the citizens of 
North Dakota in June of this year. With 
diversion amendments to be voted on in three 
more states in November and with amend- 
ments pending in Iowa and Wisconsin, the 
motorists of more and more states are being 
given a square deal on their special taxes. 

Some states, of course, are solving the same 
problem in other ways. Ten states today have 
no diversion whatever, even though they 
have erected no legal barriers against the 
practice, and eleven other states are grad- 
ually cutting down the amounts diverted 
against the day when they can find it econ- 
omically feasible to abolish the practice 
altogether. 

The economic significance of eventual 
abolition of all diversion is indicated in data 
published by the U. S. Public Roads Adminis- 
tration which reveal that the nation’s greatest 
present day highway deficiency exists in the 
heavily traveled route between Boston and 
Washington. This route crosses four states 
guilty of some of the biggest raids on highway 
funds; Massachusetts, New York, New 
Jersey and Pennsylvania. Total annual diver- 
sions in these states amount to $72,000,000 
or enough to build a highway between Pitts- 
burgh and Harrisburg as good as, or better 
than, the widely-publicized Pennsylvania 
turnpike. 
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NICARAGUAN Air Tanker Might Have 


= Military Application 












Present day operations of mech- 
anized armies and air forces with 
their requirements for speedy and 
flexible fuel transport has concen- 
trated attention on the possibility 
of developing air tankers. Reports 
have been received in fact, that such 
modern tankers were operating 
with the German forces and their 
application to British operations in 
the African desert is obvious. Mean- 
while, in Nicaragua such an air 
tanker has already been developed 
and is in daily commercial use by 
Transportes Aereos Centro Ameri- 
‘anos (TACA) as illustrated on 
these pages. 


Constructed recently in TACA’s factory 
at Toncontin, Honduras, this petroleum 
transport carries 600 gal. of fuel oil in a 
specially designed aluminum tank. While 
air transport of petroleum is not a new 
development, there is a considerable dif- 
ference in pay load between transport of 
oil in customary drums and in a tank 
plane especially designed for the purpose. 
In addition to a definite saving in hand- 
ling time, the all-payload of the tanker 
plane equals nearly three loads of the 
same number of gallons in drums. This 
tank plane makes four trips daily carry- 
ing a total of 2,400 gal. of oil needed for 
the Diesel and other power equipment 
being operated in Nicaragua’s gold min- 
ing operations in the interior. 



















































































At the top of the opposite page is shown the 
airport at Alamicamba, Nicaragua, through 
which 10,000,000 Ibs. of freight including sub- 
stantial shipments of Diesel fuel will pass this 
year to be flown to the La Luz mines at Siuna. 
Just below, the flying tanker is unloading by 
gravity, an operation which takes six minutes 
and does not require motors to be shut off or 
pilot to leave the ship. The 600 gal. tank does 
not leave room for the pilot to enter by the side 


door; hence the ladder and hatch shown in the 


bottom picture. Just above is an air view of 


the river and airport by which freight reaches 
Alamicamba for transshipment by plane to the 
mines, At right and below may be seen the tank, 


cross-bracing, and floor plate by which this tri- 





motor, TACA 
freight’ plane 
was converted 
to an_ aerial 
tanker. One of 
the two holes 
in floor plate 
permits emer- 
gency jettison- 
ing of cargo; 
the other 
serves for nor- 
mal gravity 


unloading. 
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CLARK 


_ Clark Bros. Co., Inc., Olean. N. ¥. Export Offices: 30 Rockefeller Plaza, New York. Domestic 
Sales Offices and Warehouses: Tulsa, Okla.; Houston, Texas; Chicago, Ill.; Boston, Mass. (131 
Clarendon St.) West Coast Offices: Smith-Booth-Usher Co., Los Angeles, Cal. Foreign Offices: 

72 Turnmill St., E. C. 1, London: 4 Str. General Poetas, Bucharest, Roumania. 
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HE Continental Oil Company, at Ville Platte. 

Louisiana, has entered upon the largest and most 
ambitious pressure maintenance project on record. 
This project is proceeding upon the plan of drilling 
the minimum necessary number of wells to product 
the area,—yet. through a most advanced and eff 
cient application of large-scale pressure mainter 
ance, driving the oil to these wells and securing 
more complete recovery. 


The industry's largest compressor plant —here 
pictured—has been constructed at Ville Platte and 
is the heart of this great project. It is significat! 
that CLARK “Angles” were selected as the com 
pressor equipment. The installation utilizes CLARK 
“Angle” units ranging from 300 to 1,000 H.P.. the 
huge battery totalling 8.600 H.P. The plant takes 

















COMPRESSOR PLANT 


- . \ 


This photograph shows just half of the 
world’s largest battery of compressors 
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gas from the separators at 350 to 500 lbs. pres- 
sure, removes the gasoline by high-pressure 
absorption, and returns the residue gas to the 
formation at 3,000 to 4,000 ibs.- pressure. It also 
takes low-pressure gas, boosts it up to absorber 
pressure, and handles it with the high-pressure 
separator gas. With this plant in full operation, 
the Ville Platie field becomes the most com- 
pletely operated oil field in existence. 


This plant includes the first installation made 
of the new CLARK 1,000 H.P. “Angle”. This unit 
is our standard 8-cylinder “Angle” fitted with 
newly designed super-charged power cylinders 
with specially designed high-velocity-cooling 
water jackets, which give it 25% more power 
without increasing weight or shipping cost. 





Main Compressor Building, housing 
the 8,600 H.P. battery of CLARK 
“Angle’’ Compressors 


Looking ‘‘Down Alley’ between the 
two long rows of CLARK “Angles” set 
back to back 




















True Conservation 


PRESSURE 


By Dr. 0. W. Willeox 
While a Continuous but Fre- 
quently Submerged Battle is 


Waged in Washington for Con- 


servation Through Federal Con- 


trol, The Oil Industry Has 
Applied Itself Voluntarily to 
Perfecting Development Prac- 


tice That Assures True Conser- 
vation Based on Engineering 


Principles. 


(First of several articles on this subject: the 
second, which will appear in an early issue 
deals with a specific pressure maintenance 
project.— Edit.) 


Tue history of an oil well, or an oil pool, is 
divided into three parts. The first part is the 
period of search wherein the geologist, or the 
geophysicist, or the hopeful wildcatters are 
using such arts as they have in the effort to 
discover: the hidden oil. 

The second part begins when the drill has at 
last reached the pool; from then on the oil 
producer has nothing to do but allow the oil 
to flow to the surface under its own power, or 
to pump it from the bottom of the well if it 
lacks the internal energy to come up of itself. 

The third part begins when the oil no 
longer possesses enough internal energy even 
to come to the bottom of the well bore where 
the pump can lay hold on it. 

Then the oil producer has two options. He 
can decide to call it a finished job, pull out his 
pump, comply with the legal provisions 
governing the abandonment of oil wells, and 
look around for new oil pools to exploit; or he 
can decide to make use of one or another 
means for confering new energy on the residue 
of oil that now lies motionless in the porous 
underground formation. 

The operator’s decision on these options is a 
matter which affects not only his own interest 
but also the interest of the general public. 
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There is much reason for believing that the 
supply of natural petroleum hydrocarbons 
will eventually be exhausted, and that the 
time is coming when the last oil pool will have 
been discovered. That time may be either 
near or remote, but when it does come the 
public will have to depend on other sources 
of petroleum products, which are then sure to 
be more expensive. Whether consciously or 
not, the public has a distinct interest in mak- 
ing the existing non-renewable supply go as 
far as possible. True conservation, as a public 
duty, requires that no oil pool which seems to 
be dead should be abandoned without a care- 
ful consideration of whether it might be 
brought back to life. 

And if a dead or dying oil pool can be revivi- 
fied with profit to its owners, so much the 
better all around. 

The art of confering new energy on appar- 
ently extinct or moribund oil pools is called 
secondary recovery. It is a relatively new 
art, considering that the petroleum industry 
is now more than 80 years old and that the 
first crude attempts at secondary recovery 
were not made until about 25 years ago. Even 
so, the new idea still had to wait a long time 
before any considerable number of oil opera- 
tors became interested in it. 

If all members of the oil industry were alive 
to the importance and the necessity of avail- 
ing themselves of known methods of second- 
ary recovery, both in their own and the 
public interest, available petroleum resources 
would be immeasurably extended. Although 
most qualified petroleum engineers are in- 
formed on the subject it is still evident that 
some operators—the persons who have the 
final say—are more or less in the dark as 
regards the matter, especially those opera- 
tions which tend to conserve the original 
energies of oil pools and thus to postpone or 
even to avoid resort to the more expensive 
forms of secondary recovery. 

The circumstances which make it necessary 
and possible to employ artificial means of 
revivifying dead or feeble oil pools are more 
or less generally understood and may be 
summarized as follows: 

In its virgin condition an oil pool is a porous 
underground stratum which is more or less 
completely saturated with fluid oil. This oil is 
sometimes above a lower stratum of water in 
the same porous formation, and this water 
may be under a hydraulic pressure amounting 
to thousands of pounds to the square inch. 
When the oil stratum is penetrated by the 
drill the pressure of the underlying water 
forces the oil out of the well to the surface 
(water drive) and when the last of the oil has 
been forced out, that oil well is definitely 
finished. 


Or the oil in the porous formation may be 
under the pressure of an overlying gas cap 
which forces the oil to the bottom of the well 
bore and so to the surface (gas drive). Under 
that condition the oil will flow to the surface 
as long as there is sufficient gas pressure, 
When the gas pressure is exhausted and the 
well stops flowing the oil may still seep to the 
bottom of the well, from whence it may be 
pumped. Eventually the oil no longer seeps, 
and the oil pool becomes dead, or better said, 
is in a state of suspended animation. 

The possibility of restoring animation to 
the oil in an apparently dead oil sand lies in 
the following circumstances: 

Oil, like water, will wet the surfaces of the 
grains of sand with which it is in contact and 
may fill the spaces between them. If the 
spaces between the sand grains are large a 
certain amount of oil will flow out of the sand 
by gravity if a path is offered to it, but a 
certain amount will remain. If the sand-pores 
are small they may be completely filled by oil 
which is nevertheless prevented by capillary 
attraction from flowing at all under merely 
gravitational forces. If a mobile fluid like air, 
gas or pure water is now forced under pressure 
into a well that penetrates one part of the 
inactive oil sand (input well) this pressure 
will overcome the gravitational or capillary 
forces that hold the oil motionless in the sand 
and will force it to move toward a well in 
another part of the sand (output well). 

Such is the principle of secondary recovery 
as applied in the petroleum industry: the 
introduction of a mobile fluid under pressure 
into an inactive oil-sand for the purpose of 
sweeping out a residue of oil that will not flow 
of itself. 

As we said, this seemingly elementary idea 
of assisting nature to yield up her store of oil 
was somewhat delayed in making its appear- 
ance in petroleum technology and it was 
accidental at that. According to recorded 
tradition, an oil property in Pennsylvania was 
overflown by a freshet and water penetrated 
to the oil-sand, whereupon it was observed 
that some previously exhausted wells in the 
vicinity were now producing oil. It was 
shrewdly suspected that the revivification of 
these old wells was a result of the pressure 
exerted by the invading water. Later on 4 
similar invasion of a supposedly exhausted 
sand by water leaking from an upper form- 
ation by way of a faulty casing is said to have 
had a similar desirable result. An accumula- 
tion of such observations finally led to the 
conception of an artificial water drive as 4 
general method of secondary recovery. 

The artificial water drive has been applied 
with distinguished success in the Bradford, 
Pa. district, and from there has spread to 
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General view 
of a success- 
ful recycling 
operation in 
Banquete, 


Texas. 


various other fields, as in Oklahoma. How- 
ever, the artificial water drive has not been 
as widely adopted as the gas drive, because it 
apparently does not have the flexibility and 
convenience of the artificial gas drive. This 
article is therefore confined mostly to gas 
drive. 

The concept of the artificial gas drive also 
arose out of what appears to have been an 
accidental circumstance. It is said that an oil 
operator in Ohio, for some undisclosed reason, 
connected a well that was uselessly blowing 
gas to an old well that was producing no oil. 
Then after several months and for some 
reason also undisclosed, he disconnected the 
old well and found that it was flowing oil. 
Acting on the hint, an outfit was set up near 
Marietta, Ohio, for blowing air under 40 lbs. 
pressure into an old oil sand that was about 
exhausted ; the increased yield was gratifying. 
The undertaking was repeated in other places, 
and by 1926 a considerable number of opera- 
tors were experimenting with what has 
become known as the ‘‘Marietta process” and 
air or gas compressors began to appear in the 
equipment of many non-flowing fields. 

However, it was found that the Marietta 
process did not work in all cases, and at first 
there were more failures than successes. The 
next dozen years was a hard period of learning 
the reasons for the failures and how to avoid 
them. 

It was in this period that the petroleum 
engineers rendered what is without doubt one 
of the most important of their many services 
to the industry and to the public. By finding 
solutions to the repressuring problem they 
have, in effect, made it possible greatly to 
increase the available supply of crude 
petroleum, and by that much to postpone the 
day when there will be an insufficient supply 
of this essential material. Out of the tribula- 
tions of these dozen years there has been 
developed a set of engineering principles and 
practices through which it is possible to make 
4 success of repressuring in any oil field where 
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the conditions in the oil reservoir are favor- 
able. Of course, if the reservoir conditions are 
not favorable, there will be no occasion for 
repressuring. But the point is that it is now 
possible to recognize those conditions that 
will make repressuring a success, and con- 
versely to recognize the conditions that will 
make it a failure. 

In the present state of the art, repressuring 
(meaning artificial gas drive) is resorted to 
for accomplishing three fairly distinct pur- 
poses. 

The first, or original purpose was to apply 
secondary recovery to depleted oil sands, of 
which there then was, and still is, a large 
number throughout the country. Such cases 
constitute the majority of existing repressur- 
ing projects and it is probably true that 
repressuring has not yet been applied to half 
the number of dead or moribund oil pools on 
which it might succeed. 

A later development was the use of repres- 
suring or recycling as it is called in this case, 
for the purpose of maintaining the original 
gas pressure of the pool. This development is 
a logical outgrowth of the recognition of 
decline of bottom-hole pressure as a cause of 
decline in the rate of production from oil 
fields. 

The third and most spectacular application 
of repressuring or recycling is in connection 
with certain petroleum reservoirs where 
special physical conditions exist that keep the 
oil in the form of vapor, or gas, which cannot 
be recovered unless the original gas pressure 
is maintained. 

Leaving the third application for separate 
consideration the first application may be 
regarded as an effort to recover part of what 
has been lost on account of prior ignorance 
of the nature of oil reservoirs. The typical 
case is that of an average pool that has passed 
through the normal cycle of flush production 
with many flowing wells or even gushers. 
During this period the wells produced enor- 
mous quantities of gas under high pressures; 





this gas was stripped of the natural gasoline 
contained in it and the dry gas, for which 
there might be no available market, was 
thoughtlessly popped into the atmosphere. 
Then when the gas pressure that brought the 
oil to the surface was exhausted the wells 
went on the pump for as long as oil would 
seep to the bottom of the well bore in profit- 
able quantities; after that the well or the lease 
was abandoned as not worth further attention. 
The oil statisticians, of course, dropped it 
from their inventory of the country’s oil 
reserves. And yét that pool may have con- 
tained nearly as much recoverable oil as the 
operators had taken out. 

There are doubtless hundreds of such 
abandoned oil properties that might be 
revived by repressuring. The time that has 
passed since abandonment does not seem to 
enter into the question. An apt example of 
this is a repressuring project that was recently 
inaugurated in East Titusville, Pa., a few 
hundred yards from the historic Drake well 
where the petroleum industry took its origin. 
Here, in the oldest oilfield in America and in a 
section thickly sown with old, abandoned and 
long forgotten oil wells the third Venango 
sand was found to have retained a gratifying 
percentage of saturation, and now supports 
a modern repressuring plant. 

As we said, the experience of the past dozen 
years has made it possible to reach a safe 
conclusion as to whether or not an exhausted 
oil sand will profitably respond to a program 
of repressuring. The answer will be found by a 
systematic study of the facts in each case. 

The first requisite is to find out whether the 
sand still contains a worthwhile quantity of 
recoverable oil. This will be shown by a 
coring survey. Cores are taken from one or 
more lines of wells across the property that 
will represent the sand as a whole. These 
cores are tested for their saturation, or the 
amount of oil figured as a percentage of the 
porosity, by which is meant the volume of the 
intergranular spaces. The thickness of the oil 
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bearing sand being known, the number of 
barrels of oil per acre-foot of the lease is 
readily figured. The next important fact to be 
ascertained is the permeability of the sand, 
which measures the resistance which the sand 
will offer to the passage of the repressuring 
fluid. 

This has a direct bearing on the probable 
size and consequently the cost of installing 
and operating the necessary compressor 
plant. The coring survey will disclose other 
essential matters. It will show whether the 
sand is physically uniform or variable; the 
location of permeable and impermeable 
sections; the existence of tight zones that will 
require a higher pressure, and loose zones 
that need only a moderate pressure; where 
packers must be set to prevent the repressur- 
ing fluid from by-passing the relatively 
tighter zones vertically or horizontally, or to 
exclude water. Another important test on a 
core is to place it in an apparatus where com- 
pressed air can be forced through it and where 
the amount of oil displaced by the air can be 
measured. 

Then, when all the preliminary investiga- 
tions and laboratory examinations have fore- 
cast the probable success of the project, the 
careful operator generally proceeds to make 
haste slowly. The preliminary observations 
are verified by an experimental field test on a 
scale that will not cost too much, and yet 
afford a definite basis for investment and 
operations. A certain input well is selected, 
carefully cleaned, and cored to disclose where 
packers should be set. The input well is sur- 
rounded by a ring of output wells in a five- 
spot, six-spot, or seven-spot pattern at dis- 
tances indicated by the permeability tests. 
The output wells may be old wells if they are 
in good condition and are suitably spaced. 
Then a relatively small portable compressor 
plant is brought on the field and connected 
with the input well; pressure is applied by 
compressed dry natural gas (if available; if 
not, air will do), and maintained for several 
weeks. If there has been no mistake in the 
preliminary survey the output wells will 
begin to show satisfactory production. If the 
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Left, motors in the 
Banquete plant of the 
Coastal Recycling 
Corp. Below, Clark 
Brothers angle com- 
pressors rated at 8,600 
h. p. in Continental’s 
Villa Platte recycling 
plant. Opposite, main 
engine room and 
Clark compressors in 
a Texas repressuring 
operation. 


studied out in the literature of the subject, 

The economic limits to repressuring de. 
pleted oil sands will naturally vary with the 
conditions in each case, but cases are on 
record (in California) where repressuring hag 
been profitable on leases as small as a quarter. 
section (160 acres), and on leases where the 
daily production per well had fallen as low 
as three or five barrels. The large south- 
eastern Ohio-West Virginia region is perhaps 
typical. Here numerous 20 to 30 year-old 
pools were repressured; some of the projects 
succeeded, other failed, and the failures have 
been responsibly ascribed to omission to make 
a careful preliminary survey. In the successfy] 
ones repressuring has increased production 




















































































same process is applied on one or more other 
rings of output wells, a sure basis will be had 
for investing in a compressor plant for repres- 
suring the whole lease. In this way guesswork 
is eliminated and failure avoided, or at least 
minimized. 

While a careful preliminary study is neces- 
sary for getting a successful repressuring 
project started an equally careful control of 
operations is necessary to keep it on the road 
of success. Accurate measurement of daily 
operations is the basis of all well-managed 
industrial enterprises, including repressuring 
enterprises. The amount of gas going into the 
input wells should be known at all times, and 
corresponding measurements will be made of 
gas and liquid (oil, or oil plus water) issuing 
from the output wells. Such measurements 
will show whether everything is as it should 
be, or whether and where the pressure-gas is 
by-passing, and what should be done about it. 
Various minor operating maneuvers and 
tricks of the trade on occasion contribute 
much; these details are matters for an exper- 
ienced petroleum engineer, or they may be 


two to nine times over the rate of production 
before repressuring; the average increase for 
this whole region has been computed at three 
to four times. 

Among the factors that contribute to the 
success of repressuring projects we should not 
omit to include cooperation. Where an oil 
pool is under diverse ownership it may be 
difficult for a small lease-holder to repressure 
his property without driving some of his oil 
into the wells of receptive but unreciprocating 
neighbors; it can be done, but at extra ex- 
pense. It is far better all around to get to 
gether and treat the whole pool as a unit; quite 
a number of successful cooperative proiects 
have proved it. In many cases cooperation is 
balked by a stubborn minority who, it seems, 
can be moved only in their own and the 
public interest by legislation such as has 
recently been proposed in Mississippi, under 
which the regulatory body would be em 
powered to enforce unit operation on a 
equitable basis. 

In the past, most existing depleted oil sands 
have arrived at that condition through 4 
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process of what we now know to have been a 
course of deplorable waste. Not knowing any 
more about the real natures of oil pools than 
they then did, or perhaps being in a great 
hurry to pay out their investments in the 
shortest time and with the least amount of 
intellectual or physical effort, most operators 
took little account of what the wells were 
doing so long as they were delivering oil in 
profitable quantities. The natural gas that 
accompanies nearly all crude petroleum was 
in most cases stripped of its content of 
natural gasoline and the dry gas, if not 
marketable for domestic or industrial con- 
sumption, was regarded as a nuisance and 
popped into the atmosphere and thus was usu- 
ally lost. It took a long time for many oper- 
ators to realize that in throwing away their 
surplus gas they were discarding a valuable 
helper as well as an irreplaceable national 
resource, and it cannot be said that this truth 
has been taken sufficiently to heart by some 
producers who note with resignation that 
their production curves are declining, and 
that salt edge water is encroaching. 
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But it is now known or at least suspected 
by well informed petroleum engineers that an 
oil producer who wastes surplus natural gas, 
even where there is no immediate market or 
use for it, is in many cases doing himself and 
the public an injury. In the first place he is 
injuring himself because, if his property is 
under a natural gas drive, dissipating the gas 
means a loss of pressure, and that means a 
decrease in the driving force that is pushing 
the oil into the bore hole. The direct result is 
that the decline in the rate of production 
parallels the decline in bottom hole pressure. 
With the passage of time less and less oil flows 
out even while the well isin the gusher stage; 
the daily yield keeps on declining to the end 
of the pumping stage, and then the operator 
begins to think about clearing his decks for a 
repressuring project. 

It is only recently that petroleum engineers 
have begun to ask: Why re-pressure? Re- 
pressuring means restoring a pressure that has 
been dissipated, and is something akin to 
locking the stable door after the horse has 
been stolen. Why not keep the pressure we 


now have instead of laboriously and expen- 
sively putting it back on the wells that will 
be yielding only a few barrels of oil a day, 
perhaps with much water? The idea now is 
(circumstances permitting) to save the exist- 
ing bottom hole pressure from the day the 
well is brought in by using a compressor for 
returning the surplus gas back to the oil sand 
whence it came, there to maintain the original 
energy with which the pool was endowed. 
Under such a regime the mixture of gas and 
oil that comes to the surface under the 
natural formation pressure passes through a 
pressure separator; the wet gas is stripped of 
its natural gasoline and the dry gas is de- 
livered by a compressor to the oil sand 
through properly chosen and suitably pre- 
pared input wells. 

This idea has been labeled: pressure main- 
tenance. Its aim is to keep the oil well’s 
operating pressure at or near the original 
rock pressure. 

The advocates of pressure maintenance on 
oil wells list numerous advantages for it. 

They claim, in the first place, that when the 
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operating pressure is equal to or greater than 
the rock pressure the condition of flow ap- 
proaches that of a well under hydraulic 
control—the oil will be cleanly swept out of 
sand cores, perhaps leaving only the irreduc- 
ible minimum that adheres to the sand grains 
by surface attraction. In such cases it is likely 
that there will be no period of flush produc- 
tion followed by a long period of diminishing 
daily output. Under such a condition the well 
will pay for itself in a much shorter time, and 
a short payout is something that every oil 
operator desires. 

Not only will time be saved, but a large 
and needless expense will be avoided. When 
the pool has been depleted in the usual manner 
and a repressuring program has to be con- 
fronted, there will generally be little or no gas 
available to repressure with. The necessary 
gas has to be bought from outsiders; or upper 
or lower gas sands on the property have to be 
tapped; or what gas is available has to be 
diluted with air; or it may even be necessary 
to use air alone. But the teaching of experience 
is against the use of air in a repressuring 
operation on account of corrosion of pumps 
and fittings and the possibility of an ex- 
plosive mixture of gas and air. And when 
repressuring is started the oil sand will have 
a vast expanse of empty pore space; and to 
refill this space with gas under a sufficient 
pressure to move the residue of oil will take 
a good deal of time and power. In some 
repressuring operations results are obtained 
at once, but in many cases it may be weeks 
or even months before the residual oil starts 
to move. 

This argument has not been put forward 
to detract from the merits of repressuring as 
applied to depleted pools. It has been amply 
demonstrated that repressuring may be 
profitable when there is nothing else that can 
be done, but matters need not be allowed to 
proceed that far. It will be easier and cheaper 
and in the end better to start returning the 
gas to the oil sand at once while it is still 
plentiful, and while the compressor will need 
to do but relatively little work in order to 
keep up the original rock pressure. 

And then there is the important matter of 
conservation. Natural gas that has been 
popped into the atmosphere is lost forever, 
both to the oil operator and to the public, but 
when it is returned under pressure to the 
pool whence it came it helps the operator 
produce his oil; and after all the oil has been 
swept out the pool is still a valuable private 
asset and public resource, because the high- 
pressure gas it now contains can be piped 
away to a market that sooner or later will be 
available for it. 

These are the broad advantages of pressure 
maintenance as compared with repressuring; 
both have their places in petroleum tech- 
nology, but on the whole it will be well to use 
the one and avoid the other. 

Aside from the a priori desirability of 
pressure maintenance its champions list some 
minor but worth-while operating advantages. 
The well is more likely to remain in a condi- 
tion favorable to easy production. For in- 
stance, when the oil in the sand is under a 
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high gas pressure much of the gas will be 
dissolved in the oil. When this gas pressure 
is dissipated at the well face the gas comes 
out of solution back in the sand, which thus 
becomes filled with a non-homogenous gas-oil 
mixture that moves with more difficulty. The 
rush of the liberated gas increases sand- 
cutting on the well fittings, and the tendency 
for paraffin to separate is said to be enhanced. 
The high pressure keeps more of the light ends 
in solution and this may increase the gravity 
of the crude oil by one or more points, perhaps 
enough to lift the crude into a higher price 
bracket. (N. B.—This last point is a highly 
important one, as will appear further on.) 
A further advantage imputed to pressure 
maintenance is that it prevents or delays the 
encroachment of edge water, which would 
otherwise invade the oil zone and add to the 
operator’s troubles. 

The arguments for pressure maintenance 
as well as the arguments for repressuring lead 
to the conclusion that the gas compressor may 
well be regarded as an essential piece of 
equipment in many if not most oil fields, 
either as a means of retrieving past mistakes 
or of avoiding such mistakes in the first place. 
Enough is now known to caution the operator 
who brings in a gassy well to consider 
thoughtfully what he has to gain by conserv- 
ing this gas and what he may lose by wasting 
it. Moreover, the public authorities are real- 
izing what the public loses when the private 
custodians of the nation’s petroleum re- 
sources, either ignorantly or through a selfish 
yearning for quick profits, blithly waste 
an irreplaceable gift of nature. Already there 
is some legislation in effect to impose this 
kind of conservation on the industry. 

This idea of pressure maintenance, in which 
a compressor is used to maintain the original 
gas pressure of the oil pool from the moment 
production is started, is relatively new and 
has not yet been applied to a large number of 
fields. These fields have shown what advan- 
tages may be expected of it, and have also 
shown what is required of the engineers who 
inaugurate and maintain the system. These 
requirements parallel those imposed on the 
generality of repressuring projects, namely, 
a careful previous study of the field to disclose 
all relevant reservoir conditions; to recognize 
structural features, differences in porosity, 
saturation and permeability; where to set 
packers, ete. 

There is one category of petroleum deposits 
where the operator must resort to pressure 
maintenance as the sole condition under 
which any production at all can be had. This 
refers to what are variously described as 
condensate wells, or distillate oil wells. 

These distillate wells represent a new 
though still a relatively minor phase of the 
petroleum industry. They are very interesting 
in many ways; in particular they apply and 
illustrate a fact that has often been remarked 
upon; namely, that a long time may elapse 
between the discovery of important scientific 
principles and their industrial applications; 
and that while these principles may be as 
clear as day to the scientists who know about 
them, the industries whose operations are 


involved in these principles go blundering 
along in inefficiency and waste. 

To come to the point, more than fifty years 
ago the physical chemists had definitely oyt- 
lined what are called the critical phenomena 
of liquids and gases. The principle o! these 
critical phenomena was first illustrated by an 
experiment with carbon dioxide, which at 
normal temperatures and pressures is a gas, 
When carbon dioxide is compressed and 
cooled in a suitable glass vessel its volume 
shrinks, and as the pressure is increased the 
gas begins to liquify. If the pressure is now 
held at that point the liquid and gas phages 
will continue to exist together. If the pressure 
is further increased more gas will become 
liquid and finally all the gas will become 
liquid. Now, if still more pressure is applied 
the liquid will begin to become a gas again: 
it will separate into two layers; the lower 
layer will consist of liquid and the upper one 
of gas and there will be a definite line of 
separation (meniscus) between them. If the 
pressure continues to increase the liquid layer 
disappears, and now the carbon dioxide js 
again completely in the gaseous form. 

The above description can be shortened to 
a statement that by suitably choosing tem- 
peratures and pressures any gas may be 
transformed into a liquid and then by 
further pressure into a gas. The process is 
reversible; if the pressure is reduced or the 
temperature increased, the substance first 
turns from the gaseous into the liquid state 
and then into the original gaseous condition. 

The temperature at which the liquid will 
become gas under a certain pressure is called 
the critical temperature for that pressure, and 
the pressure needed to gasify the liquid at a 
certain temperature is called the critical 
pressure for that temperature. 

As we said, these ‘critical’? phenomena 
were first observed with carbon dioxide and 
were soon found to be characteristic of all 
liquifiable gases and all gasifiable liquids. 
The study of the “‘critical constants’’ of gases 
and liquids became a regular part of all college 
courses in physical chemistry, but in spite of 
all this learning it was more than 50 years 
before anyone had the least notion that it has 
anything to do with oil pools. 

Within the past three or four years it has 
been amply demonstrated that the critical 
phenomena of gases and liquids have a great 
deal to do with oil pools. And now that the 
fact has become recognized, the wonder is 
that with so many physical chemists in the 
land it took such a long time for the connec- 
tion to be perceived. At any time during the 
past 50 years a physical chemist acquainted 
with oilfields, or an oil man acquainted with 
physical chemistry, might have reasoned as 
follows: 

Much petroleum lies deep in the ground. 
The temperature of the earth’s crust increases 
with the depth below the surface at a rate 
such that at 8,000 to 15,000 ft. it may be as 
much as 220 deg. F. or more, and the oil at 
these depths will have the same temperature 
as the rocks. Besides being at these relatively 
high temperatures, much petroleum is als0 
under great pressure, amounting in extreme 
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eases to as much as 7,500 or more pounds to 
the square inch. Now, crude petroleum, when 
brought to the surface, is a mixture of liquids 
that can be gasified by heat in a still and of 
gases that can be liquified under pressure; 
down in the oil sand where the temperature is 
high and the pressure is great the gases may 
not only be condensed to the liquid form, but 
also may have passed through the critical 
point and be in the sub-critical gaseous condi- 
tions. What is true of petroleum hydrocarbons 
that ordinarily are gases may also be true of 
hydrocarbons that ordinarily are liquids; 
down in the warm nether regions they may 
have passed through their critical points and 
are also existing in the sub-critical gaseous 
condition. If that is the case, all these hydro- 
carbons in the sub-critical state will behave, 
not as liquids, but as gases under high pres- 
sure. They will move through the oil sand like 
a gas; they will arrive at the well head in the 
gaseous form; by reduction of the tempera- 
ture and the pressure they may be caused to 
go through their critical points in the reverse 
direction, and present themselves to the oil 
producer as salable liquid products. 

The first physical chemist who thought 
along those lines appears to have been 
Professor W. N. Lacey, who with his asso- 
ciates put this reasoning to the test of experi- 
ment on a series of petroleum constituents 
and found that the theory squared with the 
facts. Thereby they presented the petroleum 
technologist with a new working method, and 
opened for him a rather wide field in which to 
use it with success if he is fully aware of all the 
tricks. 

The field for application of the new method 
at present lies mostly in the Gulf Coast region, 
where there are quite a number of distillate 
fields in which the hydrocarbons exist in what 
was at first mistakenly supposed to be the 
ordinary gaseous condition. These gases were 
found to be extraordinarily rich in natural 
gasoline, as much as 18 to 20 bbl. per million 
cubic feet. When such gas is cooled and 
relieved of its high pressure the condensate, 
or “distillate’’, may contain not only liquid 
propane and butane but also the whole range 
of motor fuel constituents, together with 
kerosene and even heavier hydrocarbons 
which have come up out of the oil sand while 
yet in the sub-critical gaseous condition. 

It still required some time for the tech- 
nologists to get a clear picture of the situation. 
At first they followed the old routine of separ- 
ating or scrubling out the liquifiable distillate 
and popping the dry gas into the atmosphere 
if no other use could be found for it. In pro- 
portion as gas was withdrawn from the 
producing formation the bottom-hole pressure 
naturally declined, and with the decline of 
pressure the amount of distillate in the gas 
that issued from the well head declined from 
20 bbl. per million cubic feet to 15, then to 
10, and on down toward a point where the 
project was certain to fizzle out. 

About this time the technologists, who at 
first were inclined to pooh-pooh the theory of 
the critical states of hydrocarbons in oil 
sands, began to listen respectfully to Professor 
Lacey and his associates. The falling-off of 
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the content of distillate in the gas was clearly 
a consequence of the loss of formation pres- 
sure. The hydrocarbons in the oil sand were 
in the sub-critical gaseous condition because 
they were at the temperatures and under the 
pressures that kept them in that condition; 
but as the formation pressure was dissipated 
they would come out of the sub-critical state 
and assume the liquid form, first the heavier 
and then the lighter fractions as they passed 
again through their respective critical points 
of pressure. 

From the standpoint of the oil producer this 
transition is distinctly an unhappy one. On 
passing from the gaseous to the liquid form 
the hydrocarbons lose their mobility. Being 
now liquid, they wet the sand grains and stick 
fast to them; generally a distillate sand does 
not contain a quantity of hydrocarbons great 
enough to provide the conditions for hydro- 
static flow toward the bore hole. The upshot 
is that while hydrocarbons are recoverable as 
long as they are gaseous and mobile, they are 
irrecoverable when liquid and immobile. 

The operator’s recourse now suggests itself. 
Keep the operating pressure on the distillate 
sand always well above the critical pressure. 
In other words, pressure maintenance on 
distillate pools is mandatory. The hydro- 
carbons must be kept as closely as possible 
under the original rock pressure until they 
have safely passed through the well head. 
At least, no reduction of pressure should be 
allowed to occur back in the producing sand 
where the liquid will stick to the sand grains. 
If some condensation takes place during the 
upward passage through the casing, little or 
no harm will be done; the condensate will 
drop back to the bottom of the well, from 
whence it may be recovered through the 
tubing which is left in place for that purpose. 

The operating scheme of a distillate pool is 
relatively simple in principle although there 
are innumerable details that vary according 
to the geological, physical and economic 
conditions affecting each project. The gas 
under high pressure is led through one or 
more pressure separators, where the pressure is 
reduced to a point conveniently below the 
critical point; at the same time its tempera- 
ture is reduced by expansion, which may be 
supplemented by artificial cooling. The com- 
bined effect of temperature and pressure 
reduction is to liquify these hydrocarbons 
that can exist as liquids under low pressures 
and temperatures. The temperature of the 
wet gas may be lowered well below nine 
deg. F. by artificial refrigeration, and the 
lower the temperature is brought the greater 
will be the percentage of recovery. However, 
the operator of a distillate well who resorts 
to extreme refrigeration must take precautions 
against gas hydrates that would choke his 
lines; this detail is now well understood. 

Another method of condensate recovery 
that is proving more efficient than refrigera- 
tion is high pressure absorption. With higher 
recoveries, lower costs and the fact that 
necessity for subsequent heating is eliminated, 
absorption may soon entirely displace refrig- 
eration. Efficiency improvement of the order 
of eight to ten percent are said to be common 


where high pressure absorption systems are 
installed in preference to the refrigeration. 

After the gas has been stripped of the 
liquifiable products that can be economically 
obtained it is sent through a compressor back 
to the formation at somewhat above the 
existing rock pressure. This return of the gas 
is called cycling. In order to minimize the 
cost of recompressing the gas, the pressure 
in the operating stage of the process is lowered 
as little as possible consistent with a satis- 
factory percentage of recovery. 

Now that the theory of the critical state of 
hydrocarbons in oil sands has become well 
understood; certain previously obscure facts 
and observations acquire an explanation. 
In many if not most repressuring projects ap- 
plied to depleted oil sands it has been noticed 
that the amount of natural gasoline brought 
up with the recycled gas shows an increase; it 
has even been noted that the total quantity 
of gas increases; and that the percentage of 
heavier fractions such as kerosene that 
reaches the surface in gaseous form tends to 
increase. The explanation is that the increased 
pressure supplied by the compressed dry gas 
sent down from the surface provides a 
necessary condition for forcing some of the 
residual oil in the sand into the sub-critical 
gaseous state. Perhaps the same natural 
gasoline, kerosene, etc., found in recycled gas 
originally existed in the sub-critical state 
before the original rock pressure was thought- 
lessly dissipated. 

Experts who have delved into the history 
of the Kettleman field in California and the 
Oklahoma City field have reached the con- 
clusion that these large petroleum deposits 
were originally under pressure and tempera- 
ture such that a considerable proportion of 
their contents were in the sub-critical gaseous 
state; that is, they were combination oil and 
distillate pools, with an upper gas zone above 
a liquid oil zone. It is said that if the pressure 
on these two fields had been maintained by 
cycling, vast amounts of natural gasoline 
and even motor fuel might have been ob- 
tained. But in those days the operators of 
those fields knew nothing about critical states 
and recycling operations; the only use they 
had for a compressor was to pump what dry 
gas they could to consuming centers; the rest 
could be thrown away. The consequence was 
that their formation pressures declined to a 
point where the valuable light hydrocarbons 
came out of the sub-critical state (retrograde 
condensation) and mingled with the general 
fluid contents of the pools. Superficially con- 
sidered, this might not be supposed to 
represent a loss, as the liquid may still be sub- 
ject to recovery by pumping or by an eventual 
repressuring. But there is a hitch. A hydro- 
carbon that exists in the sand in the sub- 
critical state is mobile and is 90 or more per- 
cent recoverable by rational pressure main- 
tenance. On the other hand, even under the 
very best conditions hardly 50 or 40 percent 
of the liquid contents of an oil reservoir are 
recoverable by any generally available means; 
the rest wets the sand grains and sticks. 

It is now known that there is a goodly 
number of such combination oil rcols. 
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UNDERGROUN D Storage 


Defense 


By B. Orchard Lisle 


Ut. SS. Government Undertakes 


Financial Burden of Storing Huge 
Quantities of Aviation Gasoline 
Through Formation of Defense 
Supplies Corporation and Ke- 
volving Pool — Technical Prob- 
lems Yet to be Solved Due to 
Lack of Experience With Suab- 


surface Tankage. 


@ne of the latest events in the American 
National Defense program has been the 
provision of facilities whereby large quantities 
of aviation gasoline may be stored as a war- 
time reserve. Lacking the experience necessary 
for such a venture, the government has asked 
the co-operation of leading oil companies hav- 
ing the experience and organization to carry 
out the scheme. This has been but one of a 
sequence of inter-related moves to ensure 
security of military supplies. 

First came the demand for a defense force 
of 50,000 fighting planes—which, in turn, 
brought to the forefront the problem of 
aviation fuel supplies. America’s oil industry 
is more than capable of supplying wartime 
demand for 100 octane spirit required by 
present military forces, but some additional 
construction might be required to meet the 
greater requirements of the enlarged air fleet. 

The recent move to limit exports of aviation 
fuel to the Western Hemisphere could not be 
considered adequate to ensure building-up of 
large reserves of this class of fuel: perhaps the 
government felt that it might have an 
opposite effect. Other than Pan-American 
Airways there is but a small demand by 
commercial aircraft for 100 octane fuel, and 
the major customers are the Army and Navy 
air forces. Oil company executives owe 
allegiance to their stockholders, and without 
existence of a substantial market could not be 
expected to permit continuation of high-test 
fuel production merely to put it in storage 
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tanks (which would have to be specially built 
for this purpose). 

Scme plant expansion will be required to 
enable the supply of the 17,400,000 bbl. of 
aviation gasoline which it has been estimated 
will be necessary for maintenance of the 
expanded air arm on a peacetime prepared- 
ness basis—more than twelve times the 1939 
purchases by the government. Immediate 
expansion of productive capacity for 100 
octane gasoline and synthetic blending agents 
is required, but the question of financing 
must be considered. It has been pointed out 
already that there is but a minor market 
demand, so the investment would be econom- 
ically unsound unless the government grants 
long-term purchase contracts or compensates 
investors in some other manner. However, 
the government seems to have been avoiding 
any direct concession along these lines. 

If, on the other hand, the quantity of high- 
test fuel in storage could be increased it 
would be possible to hold back for a while on 
the construction of some of the additional 
refining plant. Such storage would have to be 
on a large-scale basis, while refinery expan- 
sion necessarily would be carried out over a 
wide area. 

One of Dr. Wilson’s first official statements 
was relative to his request for accumulation 
of minimum stocks of 1,000,000 bbl. of 
aviation fuel, working up to a maximum of 
10,000,000 to 20,000,000 bbl. This proposed 
reserve, 70 percent of which would consist of 
100 octane grade, would be partly in under- 
ground storage facilities, he indicated. A 
number of technical problems remain to be 
solved before this can be fully effected, it is 
reported, but the machinery at Washington 
has been set in motion. 

A special committee of oil company 
engineers has been established by the Defense 
Commission to advise on storage systems. 
The members, working without compensation 
from the government, include: Scott E. 
Drummond, of Jersey Standard; E. D. Sey- 
mour, of Socony-Vacuum; S. P. Johnson, of 
California Standard; C. D. Norris, of The 
Texas Co.; Walter Samans, of Sun Oil; W. E. 
Engelbrecht, of Phillips Petroleum, and O. B. 
Lewis, of Ethyl Corp. 

Reconstruction Finance Corporation has 
announced the creation of Defense Supplies 
Corporation, capitalized at $5,000,000, to 
acquire and store high-test aero fuel, and 
it is intended to aid the Defense Commission 
as well as the Navy and War Departments 
in the national defense program. 

Defense Supplies Corporation has been 
allotted $50,000,000 by the R. F. C. for the 
acquisition of a substantial supply of high 
octane gasoline for storage at points strategic 
to Army and Navy air bases, throughout the 
country. The R. F. C. is to finance purchase 
of the fuel, while the military departments 
are to finance construction of the storage 
facilities to care for it. 

Secretary of Navy Knox has testified that 
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the Defense Commission earnestly recom. 
mended creation of this storage pool, :.dding 
that ‘“‘the Navy’s share in the cost of estab. 
lishing storage facilities for that pool of 
7,500,000 bbl. is $2,500,000” and that the 
Army would put up $5,000,000. 

He estimates that the revolving poo! would 
hold a steady reserve supply for three to four 
months of actual combat. The R. F. C. end 
of the project will be self-liquidating, it was 
explained, as the Army and Navy will buy 
their gasoline requirements from the pool, 
R. F. C. making a surcharge on the fuel go 
acquired; as they take delivery, R. F. C. wil] 
purchase an additional amount to keep the 
stored reserve at parity. 

Almost simultaneously with formation of 
Defense Supplies Corporation, the Senate 
Appropriations Committee reported the 
$5,000,000,000 supplemental defense appro- 
priations bill, adding among other items 
$3,000,000 for storage of aviation gasoline, 
Hearings before the committee revealed that 
it is planned to build storage installations 
throughout the country for this purpose, 
underground tanks having been agreed upon 
by defense officials as safer from attack and 
not much more expensive than surface 
storage. 

Technically, the difficulties are not insur- 
mountable. Storage of even the most volatile 
products offers no serious difficulties in a 
temperate climate, while even during mid- 
summer heat waves, the thickness of the 
earth above would in some measure act as 
insulation. Since only one product is involved, 
there appears to be no need for any elaborate 
system of tankage and pipelines. 

Opinion as to the best form that could be 
taken by this storage varies somewhat. There 
are some who believe that ordinary steel 
surface tanks, camouflaged by dazzle 
painting, would suffice because any fire 
caused by a direct hit could be confined toa 
single tank. However, the main purpose 
behind the scheme is to have hidden reserves 
which cannot be discovered by an enemy, and 
even when so camouflaged such installations 
are readily picked out by aerial cameras 
because of the shadows cast by the tanks 
themselves. Once they are spotted by re 
conaissance planes, the dive bomber is 
presented with a true target—each tank and 
surrounding fire-wall forming a perfect bulls- 
eye. This ability to pick out ordinary installa- 
tions has been shown by the photographs 
taken at high altitudes by the German Ait 
Force over such installations as Thames 
haven. But, as yet no photographs have been 
released showing the underground storage 
installations built by the British at Purfleet 
and in other parts of England. 

The surface type of storage already in use 
has been virtually eliminated from U. S$. 
government plans, but it is not certail 
whether sunken tanks or buried storage will 
be more extensively employed. 

Sunken storage involves a partial excava 
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tion for the tank, the earth removed being 
piled around and thinly over the top in such 
a manner that no shadow is cast on the 
ground. Such installations are not likely to be 
spotted from great heights, but espionage 
agents on the ground or low-flying scout 
planes could pick out the suspicious contours 
of these wart-like mounds readily from their 
regular spacing adjacent to air bases. Cultiva- 
tion on the covering earth would help in 
disguising these, but not adequately. They 
would serve as a fair compromise, and should 
a direct hit be made the surrounding earth 
to some extent would act as a fire-wall. 

There is little doubt that the most effective 
form of camouflage will be to hide the tanks 
completely, leaving no indication of their 
presence visible from the surface. Such is the 
case with underground or buried storage 
installations. 

Some authorities feel that any scheme for 
emergency storage must be elastic, universal 
and capable of being undertaken at once and 
completed rapidly; to meet these specification 
it has been suggested that huge concrete 
reservoirs just below surface level would 
be desirable. Such storage has been built 
above-ground in California, with capacities 
as great as 1,000,000 bbl. each. With a three- 
foot thickness of earth above, small trees 
and underbrush could be planted which 
would give the installation a natural appear- 
ance within a few months of its completion. 

Location of the storage no doubt will be 
convenient to existing trunk pipelines, rail- 
way systems or inland waterways, so that 
replenishment of the reserves will be simpli- 
fied; at the same time convenience to air bases 
is of primary importance. In selecting actual 
sites for construction the price of land will be 
a consideration, while it is desirable that the 
natural contours be such that pumping 
problems will not be very great while use of 
basin-like surface formations will not only 
facilitate the later creation of a natural 
appearance to the terrain but will also act as 
its own fire-wall. 

The main advantage of buried storage over 
the dungeon type of underground storage is 
that the former is but slightly more expensive 
than surface storage, while the latter costs 
about 250 percent more than surface tanks. 
To be proof against heavy aerial bombs and 
large calibre shells, it would have to be deep 
indeed, but the reservoir about three feet 
below the surface would be fairly safe from 
all but a direct hit. A 200 lb. bomb falling at 
a distance upon an overground tank farm 
would generally suffice to dislocate one or 
more plates and cause leakage which would 
spell trouble when small-calibre incendiary 
bombs followed through. Opinion differs as 
to the effect of such a miss where buried 
Storage is involved; some claim that the 
surrounding earth would break the shock, 
while others maintain that the concussion 
would be transmitted to the sub-surface tank. 

However, as already explained, the purpose 
of the thin layer of earth is to hide it from 
discovery rather than to afford an adequate 
protection against actual aerial attack. 

Use of steel tanks in direct contact with the 
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earth is open to debate, as some provision 
would have to be made for external as well as 
internal corrosion. This naturally suggests the 
use of reinforced concrete reservoirs, perhaps 
provided with a steel lining which could be 
appreciably thinner than the plates used for 
surface storage tanks. The reduced weight 
in steel required would cut down on the cost 
of construction. The French armaments con- 
cern Schneider et Cie. built a large number of 
underground installations with and without 
steel facing both at shallow depths and in 
natural caverns formed by abandoned quar- 
ries, mines, etc., between 1936 and _ the 
beginning of the European War. These were 
said to have been quite satisfactory, as the 
concern had solved the problems of the 
hydrocarbons attacking the concrete and 
creation of perfect contact between the steel 
lining and the concrete. Of course, one of the 
most serious drawbacks of the sub-surface 
tank is the difficulty of inspection in case a 
leak occurs; this is especially dangerous with 
a product like gasoline. 

Likewise, opinion differs as to whether or 
not the pipeline system should likewise be 
below the surface or lying above ground. 
Some maintain that, with the lines on top, 
repairs due to leakage or attack can be more 
easily repaired; that overground pipe is 
reasonable flexible and would not be injured 





except by direct hit or by a splinter, whereas if 
run a few feet underground concussion would 
render it more liable to damage and that 
tracing and repairing a leak would be more 
difficult—as well as being expensive. Also, 
that to make such pipe immune by laying it 
deep would be extremely costly. 

It is believed that much of the emergency 


. storage in England has surface pipe, whereas 


in France great success has been reported 
with buried lines, while some of these ducts 
have been constructed of concrete piping. 

In either case, a bomb would leave adequate 
indication as to where it had struck, and if 
valves are placed at regular intervals the loss 
would be minor. Repair could be completed 
in about twelve hours by a good welding crew. 
A temporary flexible rubber hose connection 
could be put up in even less time, if 
necessary. 

There seems much to be gained by way of 
national defense fuel reserves by the govern- 
ment’s scheme for sub-surface storage of 
aviation gasoline. Cultivation of the ground 
above will in a short time restore the area to 
its former appearance and conceal the reser- 
voirs beneath. Service building will be visible 
but the best camouflage for these is to elim- 
inate any characteristic feature and to build 
them along the lines of architecture prevalent 
in the particular district 
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Foreign Oil Legion 


eWBuan Paris Hvo has been appointed 
Director of Mines, in the Ministry of Fomento 
at Caracas, Venezuela. 


Edward L. Steiniger, Venezuelan Petroleum Co., 

and Mrs. Steiniger as they sailed from New York 

late in September for Venezuela on board the 
Santa Rosa. 


Cosmo-Sileo 





© Robert Yarnall Richie 


John Evans of Lucy Export, and Gene Trammell 
of the New York chapter of the Nomads at a 
recent outing at Englewood. 


CLarENcE DAVIDSON, JOHN Stump, J. 
BRITTON and KEN PATTERSON of the Stand- 
ard Oil Company, N. J. gave their annual 
clambake to brother oil men at Babylon, L.I. 
on September 17, prior to the convention of 
the National Petroleum Association at At- 
lantic City, many of them proceeding to this 
New Jersey seaside resort directly from the 
clambake. About 200 oil men from various 
parts of the world attended and had an 
enjoyable time. 





Left to right below. J. Britton, John Stump, 
C. M. Davidson and K, Patterson of the Jersey 
Standard. 
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Paul L. Hopper 


B® aut L. Hopper, Chief of the Fuel Sec. 
tion, Department of Commerce in Washing- 
ton, D. C. has been commissioned as g 
Lieutenant of the Navy in the Bureau of 
Engineering in the Navy Department. Mr. 
Hopper was representative of the Depart- 
ment of Commerce at Calcutta, India, from 
1930 to 1933 after which he returned to 
Washington to serve in the Department of 
Commerce. The statistical work performed 
by the Fuel Section of the Department 
brought Mr. Hopper into contact with many 
of the members of the oil industry. 





David Shephard at the Babyon clambake. 


BPavip SHEPHARD, technical consultant 
to International Association (Petroleum In- 
dustry) Ltd. of London, is now back in the 
United States, and is located at the New York 
office of the Standard Oil Company, N. J. 
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Cosmo-Sileo 
Dr. Rudolf Shider, geological department of 
Asiatic en route to Venezuela on September 14. 








W. Richison Schofield 


W. R. Scuorrep, formerly chief 
engineer of Leeds and Northrup Company of 
Philadelphia has recently been appointed 
director of engineering. JoHN W. Harsu, 
formerly chief assistant engineer, has been 
advanced to the position formerly filled by 
Mr. Schofield and JoHN F. QUEREAU now 
occupies Mr. Harsh’s former position. 


Howarp PAGE, formerly assistant manager 
of refinery operations in Europe for the 
Standard Oil Company, N. J. is now in the 
economics division of the company in New 
York. He returned from London on the last 
transatlantic voyage of the ss WASHINGTON. 
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Dewey E. Jounson has recently been 
appointed general superintendent of the 
Caripito refinery of the Standard Oil Com- 
pany of Venezuela. Mr. Johnson, who is now 
in Venezuela made a trip to New York, a few 
weeks ago, following the death of P. J. 
KELLY, former general superintendent of the 
new Caripito plant. Mr. Johnson has served 
with the Jersey organization for twenty years, 
working for several years in refineries in the 
United States and later being transferred to 
Tampico, Mexico. In 1928 he became general 
superintendent of the Maracaibo refinery of 
the West India Oil Company and more 
recently has been in charge of the La Salina 
plant of the Lago Company. 


Licutenant HENRY DETERDING, son of 
the late Sir Henri Deterding of the Royal 
Dutch Shell group was recently reported 
missing while on active service with the fleet 
air-arm of the British navy. 





John W. Harsch 


Ralph Porter and L. E. Bushard snapped by 
Bill Bettis at the Los Angeles Nomads barbecue. 








Cosmo-Sileo 
G. K. Kaufman, geologist of the Standard Oil 
Co. of Venezuela on the deck of the Santa Paula 
in New York harbor just before sailing for 


Venezuela. 


Br. C. N. LANNING, European manager of 
refinery operations of the Standard Oil Com- 
pany, N. J. is on vacation following his recent 
return from the war zone of London. Dr. 
Lanning is due back at the New York office 
of the company. 


CLarENcE Morais, founder and publisher 
of Petroleum Engineer died September 18th 
of a heart attack while at his home in Los 
Angeles. 


On September 11th, the first of a series of 
regular annual barbecues was held by the 
Los Angeles chapter of the Nomads. Over 
two hundred and fifty Los Angeles Nomads 
and some ninety-six oil men who had seen 
service in foreign oilfields attended the first 
of these barbecues. The next regular meeting 
of the Los Angeles Nomads was scheduled 
for October 9th and it was expected that 
several prominent foreign operators will be in 
attendance at this meeting. 


F. C. Ripley and A. E. Fowkes at the barbecue. 
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figures combined. —fuel oil returned to the ground has been deducted. * Includes Madura. 
* Bahrein Petroleam Company, Ltd., figures. * Includes all other Netherland India. 
Official Crude Oil Production Figures for 1933 to 1939 (Revised) in Barrels 
Daily Averages in Barrels 
Jan.—August 
1940 1939 1939 1938 1937 1936 1935 1934 1933 
United States. .....cccccccs 3,728,171 3,354,703 United States.............. 1,264,256,000 1,214,355,000 1,279,160,000 1,098,516,060 996,596,000 908,065,000 905,656,000 U 
I i cuccuneeanes 595,125 593,004 Se Rs ce ccccccnsicoes 216,727,024 206.192,000 201,856,661 199,635,921 184,008,033 175,635,783 155,596,429 Se 
DD: x's nous heen ateae 538,699 555,070 Ws dvd weavanneee oes 205,783,585 188,429,050 187,675,477 155,270,840 148,809,057 136,098,681 117,113,940 vi 
DGG polreNivGG es oiee ee 47, 214,984 214,113 Bs 6 ota nsh.06be cedseaaen 78,151,332 78,320,840 78,109,001 62,977,950 57,520,488 57,902,092 54,440,075 Ir 
Netherland India: Sumatra 111,504 112,745 Netherland India: Sumatra 41,557,020 34,538,128 33,451,511 30,469,428 28,004,595 26,336,011 22,345,172 N 
SR eee 35,680 37,118 Ra aise cee ae 13,125,425 12,812,383 12,960,072 13,068,910 13,529,185 14,335,543 15,003,175 
ae 17,922 17,768 Di saekaedeenneraae 6,568,660 6,955,283 7,152,931 3,618,293 3,462,440 3,778,920 3,600,816 
Se 2,010 2,347 NS 6-25 se did ramet 836,144 607,622 537,436 375,823 311,872 273,698 285,335 
Se eeee nape 127.988 126,373 NE i620 tecuiwin 45,931,846 48,366,000 52,395,725 63,532,846 61,270,072 61,849,306 53,919,708 R 
Ie Aaa ck kta ee ack ads dine ke 109,027 97,440 EPS ee ar iey 2 39,428,141 38,505,824 46,455,687 41,027,915 40,240,563 38,171,946 34,000,830 v 
Dviecativadcudbecdetscwed 85,302 84,359 Divecsewdenses coukeanete 30,791,132 32,404,000 30,603,660 29,913,150 27,410,983 7,639, 84 1,094,915 Ir 
I ae aed ice oe 74,555 59,631 ae 22,036,613 21,581,588 20,297,543 18,756,110 17,597,655 17,337,900 13,156,126 Cc 
ES 52,734 52,795 | TTT EET 19,270,256 17,736,176 15,502,989 13,237,030 11,671,224 + —10,894,363 9,561,353 T 
Se 56,192 50,325 I ea deveinsrensiae 18,613,167 17,076,237 16,354,717 15,457,960 14,297,025 14,021,901 13,690,556 A 
SS ad tad vielen seadnwadasae 36,886 37,227 cli pavecndbhekwktuee’ 13,587,906 15,908,279 17,459,112 17,593,069 17,056,555 16,314,381 13,257,318 P. 
DINING oso Viddencehce aes 20,032 21,285 NN dain namnnhasdadaoe 7,588,554 8,297,998 7,762,264 4,644,635 1,264,807 285,072 31,37 B 
RS eee ee nee 21,920 20,263 I £6 a6 cede een wie 7,872,981 7,499,498 7,847,553 7,587,718 7,181,113 7,278,859 7,114,31) B 
NS oa lel Sik a acd 22,275 20,848 0 ES See err ey Te 7,837,503 6,965,457 2,996,033 1,507,931 1,447,204 1,410,895 1,145,333 Cc 
ees ee ee 15,740 15,812 ow bib Oa ie ieeeee 5,755,164 5,387,214 4,397,038 3,296,938 3,302,905 2,705,350 2,035,656 B 
Great Germany: Old Reich. 12,393 12,294 Great Germany: Old Reich. 4,487,491 3,850,044 3,148,300 3,076,858 2,967,438 2,204,402 1,656,602 G 
, eee 1,974 1,899 CR vcaveenes teres 693,247 370,038 221,266 50,092 44,347 27,965 5,765 
Slovakia and Moravia . . 326 327 Slovakia and Moravia .. 119,380 132,005 123,474 126,603 136,580 177,797 121,695 
_____, SRE DS Se 10,691 10,679 EE iu chars oes een.bxe 3,898,044 3,828,438 3,799,862 3,869,575 3,901,881 4,011,336 4,174,079 P 
Ba tia clr Guleda-bedinix cue 7,249 7,238 Dé acdd Uedensnendenns 2,652,930 2,511,184 2,487,841 2,403,072 2,294,878 1,872,837 1,504,412 Js 
British Imdia.............. 6,181 5,929 PEER. 2 cnccnsascnns 2,332,467 2,330,209 2,161,653 1,978,329 2,037,810 1,921,863 1,628,803 B 
IR 2 foal cilia Midian ds talniand 6,744 6,267 Ph cpbhinrtanrtnvdkess 2,312,118 2,257,278 2,161,436 1,942,467 1,731,785 1,636,619 1,619,902 E 
Saudt Avalin. .....ocecccss 14,315 8,449 IR Gs os ood eee 3,933,904 495,135 64,968 19,777 Nil Nil Nil é Si 
EN cies.nnddety dees uaa 3,622 3,641 Des .ebbhe ddan enue 1,327,327 1,624,882 1,655,565 1,547,882 1,776,593 1,942,591 2,206,815 8: 
SES ee eee 14,061 12,096 Dc ocases soneseduncaees 4,602,797 1,561,231 1,163,267 1,262,666 1,255,151 1,527,252 1, 653,58 Ly 
Italian Empire: Albania 3,911 3,818 Italian Empire: Albania 1,393,727 437,597 380,292 219,693 41,218 17,500 11,8 It 
MN os eee ade 221 249 _. aE 91,330 106,083 112,700 129,653 128,615 162,449 21354 
0 eS RS 1,370 1,367 DG. 6 vid cadtdebe bas aas 500,815 516,240 507,067 534,063 529,664 700,000 786,36 Fr 
SN oo nae cexaaeke 2,951 2,098 SR eee ee 769,092 330,829 13,910 100 Nil Nil Nil Hi 
Es ee eee 276 278 sd e00 2.4 d ehmnmke ame 100,885 106,620 123,123 104,746 163,295 157,875 1,8 Be 
Other Countries ........... 1,593 1,573 Other Countries ........... 578,036 243,000 70,000 37,100 32,300 64,000 54,10 @ 
——— ad 
WORLD TOTAL ........... 5,954,229 5,551,259 WORLD TOTAL ..... +. +++ 2,075,512,043 1,982,639,390 2,041,170,134 1,797,791,150 1,652,023,331 1,516,760,0306 1,438,797. W 
46 sii SoM ) 
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Figures in U.S. barrels of 42 gal.—Comnversion ratios used are weighted averages for individual countries 
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Preliminary 
Figures 
Sept. Oct. Nov. Dec. Jaa. Feb. March April May June July, August, 
1939 1939 1939 1939 1940 1940 1940 1940 1940 1940 1940 1940 
United States......-+--+eeeeeee 14,635,096 15,450,953 15,138,276 15,533,757 15,307,901 14,702,854 16,246,164 15,700,987 16,003,653 15,111,622 15,321,877 14,683,581 
Soviet Union’... ....----++++++++ 2,300,000 2,508,024! 2,427,120! 2,508,0244 2,508,024!  2,360,194' 2,531,522! 2,436,780! 2,520,083! 2,438,790! 2,520,083! 2,520,083 
Venezuela... .-----eeeseeeeeees 2,769,466 2,897,824 2,476,894 2,383,153 2,197,278 2,135,135 2,303,632 2,449,294 2,723,594 2,766,089 2,461,786! 2,479,535 
oe ee eer 852,090! 880,493! 852,090! 880,493! 880,493! 826,152! 894,753! 863,190! 870,212! 855,540! 884,058! 884,058 
Netherland India: Sumatra 448,398 460,936 438,803 464,685 444,602 403,218 440,506! 438,960! 432,525! 426,270! 440,479! 440,479 
DEG ccc ces ccscncees 110,830 127,411 136,775 139,126 140,026 135,989 140,509! 136.290! 141,608! 137,040! 141,608! 141,608 
Java?........e eee ecceees 65,466 71,266 70,404 81,057 71,830 64,935 72,035! 68,820! 71,114! 69,210! 71,114! 71,14 
NEE cas bigtisoeiiincs 8,842 8,231 7,981 7,752 7,581 7,981 6,916" 8,670! 7,967! 7,710! 7,967! 
Roumania. ......----++seseeeee 514,618 521,026 507,531 520,970 513,479 487,578 517,770 599,691 519,354 520,620! 
Mexico”. ......--+--seseeeeeeee 594,713 660,973 543,318 513,950 492,094 462,171 482,525 466,960 501,028 491,923 
Ril iacave 338,280! 349,556! 338,280! 349,556! 349,556! 330,034! 356,531! 344,670! 353,741! 342,330! 
Colombia... ....----+-++++se00% 264,287 257,920 267,627 260,524 346,499 282,512 307,290 305,745 338,493 311,940! 
Trinidad... ....------eeeeeeeees 222,780! 230,206! 222,780! 230,206! 230,206! 215,151! 229,710! 222,360! 229,896! 222,480! ’ 
Argentine ....-..--0+++e2eeeeee 219,765 232,620 231,043 240,900 249,559 255,993 240,219 230,820 240,590 239,675 248,145! 248,141 
Prestt®...ccc ces ccccccccccsccccece 147,810! 152,737! 147,810! 152,737! 152,737! 141,810! 150,784! 145,200! 151,280! 146,400! 151,280! 151,280 
I og enon seed seeersseeens 87,030 78,012 76,963 86,375 86,195 79,319 87,017 79,022 84,084 82,227 84,673 84,754 
EP cc cccccscneccccsecseess 94,717 98,135 104,112 97,797 92,101! 86,855! 94,147! 91,980! 93,527! 90,510! 93,527! 93,527 
Camada?........-ccecesscesecess 91,736 103,875 93,052 64,001 61,957 83,429 72,554 80,792 86,088 83,621 111,619 111,619 
Bouel......ccce cccccccccecscere 63,090! 65,193! 63,090! 65,193! 65,193! 60,900! 65,038! 62,880! 65,069! 62,970! 65,038! 65,038 
Great Germany: Old Reich" 53,190! 54,963! 53,190! 54,963! 54,963! 51,997! 55,800! 53,940! 55,490! 53,700! 55,490! 55,490 
Pe : 9,030" 9,331! 9,030! 9,331! 9,331! 9,048! 9,827! 9,780! 9,703! 9,390! 9,703! 9,703 
Slovakia and Moravia. . 1,550! 1,519% 1,470! 1,519! 1,519! 1,421! 1,519! 1,470! 1,519! 1,470! 1,519! 1,519 
SETTerrivie rer re 42,960! 44,392! 42,960! 44,392! 44,392! 41,644! 44,516! 43,050! 44,454! 43,020! 44,454! $4,454 
Japam™........ccccsccecccccces 31,651 31,723 31,933 31,8574 32,178! 30,131! 32,023! 31,020! 32,085! 31,050! 32,085! 32,085 
British India"................+. 29,326 31,688 29,457 31,530 27,280! 24,911! 26,226! 24,870! 26,443! 25,590! 26,443! 26.443 
COE, cconcbseccsesseeteiews 25,540 25,495 25,947 27,045 26,962 24,788 27,898 7,490 28,081 26,585 27,382 27,775 
Bee OIE, cc cccccccnenceoure 72,899 72,899 42,503 59,201 66,604 43,812 82,120 64,531 45,344 48,304 64,785 57,685 
Rene, 5 .nccccccccsccesecess 14,070! 14,539! 14,070! 14,539! 14,539! 13,543! 14,415! 13,920! 14,446! 13,980! 14,446! 14,446 
Egypt™......ccccccccceccccccsce 51,810 60,057 62,150 63,817 62,606 53,534! 58,125! 57,150! 59,272! 57,360! 59,272! 59,272 
Italian Empire: Albania"™....... 17,100! 17,6708 17,100! 17,670! 17,670! 16,762! 18,415! 17,790! 18,073! 17,790! 18,073! 18,104 
ee ° 961! 9614 930! 961! 961! 899! 930! 900! 930! 900! 54608 546 
PE caccsnrcdeescesesssseees 5,760! 5,952! 5,760! 5,952! 5,952! 5,568! 5,952! 5,760! 5,952! 5,760! 5,952! 5,952 
I. cc cccvaceccecccsesenes 8,490! 8,773! 6,490! 8,773! 8,773! 8,381! 9,052! 8,760! 8,928! 8,640! 22,0638 22.063 
TD cen anh deine ied mena’ 960! 992! 960! 992" 992! 928! 992! 960! 992! 960! 993! 992 
Other Countries,” ............. 7,000 6,975 6,750 6,975 6,975 6,525 7,006 6,780 7,223 6,810 7,223 7037 
DD DOs cc ccccccsccess 24,201,311 25,543,320 24,496,649 24,959,773 24,579,008 23,456,102 25.634.438 25,101,282 25,792,841 24,758,276 24,870,084 214,309,576 


® Japanese Saghalin, Taiwan (Formosa) and Hokkaido in- 


cluded with Japan. 
Excluding Burma. 
" Sarawak Oilfields, Ltd., figures. 
4Estimated Official Sources 


Daily Averages in Metric Tons 


% Anglo-Egyptian Oilfields, Ltd., figures. 
“4 Prussia, Thuringia and Baden. 

1 Formerly known as Austria. 

6 Italian imports of Albanian crude oil. 
* Includes all other Netherland India. 


" Estimate representing Morocco, Cuba, New Zea- 
land, Barbados, Greece, Algeria, Yugoslavia, 
Australia, Great Britain, Kuweit and China. 

% Official Figures—Petroleos Mexicanos. 


Official Crude Oil Production Figures for 1933 to 1939 (Revised) in Metric Tons 


Jan.—August 


1940 


1939 1939 1938 








1937 1936 1935 1934 1933 
United States ............. 505.420 153,888 EERIE 171,053,443 164,346,325 172,822,797 148,707,864 134,912,143 122,913,903 122,601,191 
Soviet Union ............. 81,293 81,427 IR oceeistsasesenee 29,530,168 28,859,000 27,867,025 27,384,900 25,241,100 24,092,700 21,330,100 
Venezuela.................. 79,985 82,331 | ER RRR ny ee 30,533,706 27,845,286 27,733,926 22,945,299 21,990,373 20,112,115 17,293,193 
7 ar eer 28,518 28,403 EASES RE er 10,367,112 10,358,495 10,330,480 8,329,289 7,607,500 7,657,970 7,200,093 
Netherland India Sumatra 14,209 14,434 Netherland India: Sumatra... 5,320,320 4,662,836 4,490,137 4,114,710 3,759,006 3,535,035 2,999,352 
Aa 4,568 4,780 Ricans vscieesccceve 1,680,377 1,719,783 1,739,607 1,773,545 1,815,998 1,924,234 2,013,849 
NS Sica wigstd aswaats 2,296 2,27 edad descnee ne 840,950 933,595 960,125 499,097 464,757 51 320 483,331 
NNR oie die ovoid ns 257 302 PG ic asecdnwodewe 107,047 81,560 72,139 50,446 41,862 36 738 38,300 
Aa 17.348 17,135 Roumania..... 6,228,047 6,603,000 7,153,000 8,704,000 8,394,000 8,473, 355 7,387,000 
ee 15,696 14,326 i dbeceteatannscdebnans 5,794,215 5,716,423 6,896,657 6,090,842 5,973,955 5,666,857 5,049,109 
_ Se ee 11,411 11,276 __ SESE re ener eae 4,115,845 4,345,000 4,126,185 4,079,066 3,724,231 1,048,108 147,943 
I ib seisat ates Ses 10,398 8,301 INS ccnnsneaneanabs 3,067,568 3,007,935 2,844,251 2,614,092 2,452,635 2,416,432 1,833,606 
SL dn bchd sick nbecen 7,416 7,426 ie nGaet a bseaee 2,710,515 2,472,943 2,181,676 1,862,796 1,642,446 1,533,122 1,345,532 
| ERTS 8,004 7,157 “Re 2,651,448 2,432,857 2,330,063 2,202,304 2,036,903 1,997,706 1,950,499 
_ eee 4,880 4,927 AS cap claveinwicnkesons 1,798,557 9,099,885 2,313,691 2,331,454 2,260,903 2,161,990 1,756,867 
DG aiinisaiaswsedeeess 2,735 2,901 RRR rears Crean einer 1,033,472 1,130,734 1,058,557 635,555 173,072 39,008 4,293 
| en 3,017 2,798 | GE ABSCESSES ES Tae 1,087,424 1,039,960 1,083,391 1,047,593 991,456 1,004,951 982,233 
See 2,834 2,653 AAS eases 997,391 879,921 378,478 190,495 182,820 178,233 144,686 
_ rr 2,099 2,104 | REPO ernee 767,700 707,123 576,545 70,991 471,842 386,478 290,808 
Great Germany: Old Reich 1,790 1,774 Great Germany: Old Reich... 647,337 552,074 453,451 444,600 27,400 317,500 238,600 
ee 313 301 EE ae 109,904 63,468 33,010 7,473 6,616 4,172 860 
Slovakia and Moravia. 49 19 Slovakia and Moravia... . 18,103 19,282 18,036 18,665 19,946 25,971 17,776 
ae 1,434 1,432 Pe aaiecesiedks cued ebwnks 522,874 504,678 501,301 510,630 614,760 529,200 550,670 
| eee 1,035 1,037 es cue ackawannueiniee 379,161 356,328 341,040 341,976 326,580 266,520 212,667 
British India............... 853 818 British India................. 322,160 322,125 298,450 273,137 281,072 265,341 224,879 
EES 888 834 6 se cin eis 306,824 319,877 306,326 275,293 245,434 231,947 229,578 

Saudi Arabia. ............. 1,939 1,145 PR cctctcossedennen 536,366 66,683 8,070 2,447 Nil Nil Nil 
| es 466 169 _ SSA ees 171,322 200,126 217,085 221,126 253,799 277,513 315,259 
Keypt........ bacenpiakeaeen 1,912 727 rid baa adi eden deaie 657,510 223,058 166,298 177,491 176,436 214,671 232,437 
Italian Empire: Albania... 584 570 Italian Empire: Albania...... 208,27 65,313 56,760 32,760 6,152 2,500 1,707 
Italy... 28 31 sdataeateeniowes 11,346 13,178 14,000 16,106 15,977 20,180 26,526 
EE Sih so calcd aeons 192 192 nc un aenasnens 70,224 72,106 71,008 74,788 74,172 98,025 110,120 

Hungary hemaemeaaat 396 283 REE ere 103,364 42,798 13,910 13 Nil Nil Nil 
ELE iiin.on oss ¢xeuecccs 32 33 SE eee 11,904 13,262 15,487 13,197 20,540 19,858 14,085 
Other Countries........... 227 224 Other Countries............... 82,300 34,080 10,000 5,300 4,600 9,100 7,700 
WORLD TOTAL........... 813,531 759,798 Re 283,844,283 279,111,097 279,482,962 246,449,340  226,610.486 207,971,753 197,034,849 
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WORLD PETROLEUM ABSTRACTS | 


Summaries of the Most Important Articles as 


Published in the Oil Press of the World Dealing 


With Technical and Economie Aspects of the 


Petroleum Industry. Edited by Dr. 0. W. Willeox 


DRILLING 


Setting Depths for Casing—Blaine B. West- 
cott, C. A. Dunlop and E. N. Kemler, before 
AMERICAN PETROLEUM INSTITUTE, Fort Worth 
Meeting, May, 1940; 57 pages. 

Of the many related problems originating from 
the drilling of deep high-pressure wells, none has 
been of greater importance to the successful com- 
pletion than the casing. Not only does the cost of 
the casing amount to an important percentage of 
the total cost of the well, but the operation of the 
well is dependent upon the successful perform- 
ance of the casing. 

The authors discuss at great length collapse 
strength in various aspects and outline what they 
think should be a standard collapse test for casing, 
standard joint-strength test and bursting strength 
test. 

They make it clear that, from the viewpoint 
of the user of casing, certain rather fundamental 
changes are considered to be necessary if safe 
and profitable production of oil from greater 
depths is to be possible. The first step in this 
program involves the use of minimum, rather 
than average, performance properties of casing. 
If the minimum values are selected wisely, there 
will be no danger from failure of the casing under 
normal conditions. However, if safety cannot be 
obtained with economy, then profitable operation 
of deep wells under present restrictions will be im- 
possible. Therefore, it is important that the 
minimum performance properties be as high as 
possible. 

They recommend that until the API gets 
around with officially revised specifications, use 
may be made of temporary minimum perform- 
ance properties, as follows: 

Collapse pressure—75 per cent of the ‘‘average 

collapsing pressures,’’ in Bulletin 5-C-2; 

Joint strength—85 per cent of the average 
“ultimate-strength-of-joint”’ values in Bull- 
etin 5-C-2; 

Bursting yield strength—87.5 per cent of the 
values for ‘internal pressure at minimum 
yield strength,”’ in Bulletin 5-C-2. 


Depth Measurements by Means of Multi- 
ple-Strand Wire Lines—Henry Emmett Grass 
and J. P. Hays, before AMERICAN PETROLEUM 
INSTITUTE, Fort Worth Meeting, May, 1940. 

These authors stress the importance of depth 
measurements especially in delicate thin-pay 
fields, where operators accustomed to or trained 
in prolific thick pay fields are likely to be careless 
with such measurements—carelessness that leads 
to disastrous results and spoiled wells. They give 
numerous hints on how accuracy may be achieved, 


48 


and end their paper with the following observ- 
ations: 

If a depth measurement of a hole is taken both 
by the sand line and the drilling cable, and the 
two measurements check within 1 ft. on a 4,000- 
ft. well, a satisfactory depth of the hole is estab- 
lished. 

If both cable and rotary tools are operated 
jointly on a well, the depth by drill pipe and wire 
line should check within 1 ft. at 4,000 ft. 

In order to assure accuracy in making magnetic 
surveys, it is suggested that the coring line be 
“strung’”’ into the well frequently, and checked 
against drill-pipe measurements. 

As the multiple-strand wire lines used in drill- 
ing and those used with special measuring devices 
possess qualities innate to both, depth measure- 
ments made by the two methods should check 
closely. 

In the case of special measuring devices, errors 
inherent in counting mechanisms resulting from 
inertia slippage and incorrect diameter of measur- 
ing sheaves and lines require adjustments to the 
positive and precise measurements that should be 
obtained with the drill pipe or cable. 

When precise depth measurements are neces- 
sary by means of the multiple-strand wire line, 
it is evident that good workmanship must pre- 
vail. 


OPERATION 


Principles of Oil Reservoir Performance— 
T. V. Moore, before AMERICAN PETROLEUM IN- 
STITUTE, Fort Worth Meeting, May, 1940. 

The author observes that while in some of its 
branches the production of petroleum has been 
developed to a high degree of perfection, less 
progress has been made in that important phase 
of production dealing with the underground forces 
which move oil to the wells and which govern the 
efficiency with which the oil is recovered. How- 
ever, some of the basic principles have become 
fairly well fixed; these are restated as follows: 

The rate of production should be low enough to 
permit production by water drive rather than by 
gas drive. 

The velocity of the displacing fluid should be 
slow enough to permit the capillary and gravita- 
tional forces to maintain a substantially uniform 
rate of displacement through all oil-bearing sands. 

When multiple zones of oil-bearing sand are 
present, the displacement of oil can be carried 
out most efficiently by producing one zone at a 
time. 

The gas and water must be conserved; and, 
unless the reservoir contains an ample supply of 


these fluids to provide for the displacem: nt of ajj 
recoverable oil, it may be advisable to return at 
least a portion of the gas or water pro:uced to 
the reservoir. 

Production operations should be carried on jp 
such a manner as to keep recoverable oi! concep. 
trated in as small a part of the sand as possible, 

Strategic location of wells, and proper comple. 
tion and workover of wells and contro! of pro. 
duction rate, are necessary to the efficient prodwe. 
tion of oil. 


Solving a Well Sanding Problem — Claude 
Johnston, in O1L WEEKLY, Vol. 98 (1940), No. 3. 
p. 34. 

A well in Louisiana found pay in sand of 
exceedingly fine grain, which the conventional 
screens failed to keep out; the result was that 
much sand was produced with the oil, with 
accompanying severe pump rod and tubing wear; 
often the tubing would clog rapidly and the wel] 
would be killed in less than 48 hours following a 
cleaning out. 

After ten settings of screens that failed the 
eleventh involved the use of a packing of sand 
between inner and outer shells of specially 
fabricated screen pipe. Between bottom and top 
packers approximately 76 feet of this screen was 
used, set on bottom within the 7-inch casing of 
the well. This screen pipe was 54-inch O.D., with 
accurately spaced and under cut 0.012-inch slots 
within the entire range. These slots with a 
maximum width or throat of '%-inch, were re- 
lieved on the inner side by milling. 

Centrally spaced within this outer shell was the 
tubing extension, of 24% inch I.D. material. This 
inner tubing also was slotted, with horizontal 
slots of the same type as those in the 5% inch 
shell, except that the inner slots were 0.008-inch 
wide. As with the shell, inner milling provided 
clearance through a portion of the metal of the 
tubing, and minimized clogging. 

Into the space between shell and tubing was 
poured carefully sized, sharp sand of an average 
grain size of 0.024-inch, with maxima and 
minima of 0.029 and 0.021 respectively. 

This sand pack, composed of particles too large 
to enter slots in either shell or tubing formed a 
uniform screen of the thickness of the annular 
space over the entire 76 feet of screen, affording 
adequate channels for oil flow, but arresting the 
movement of the minute sand particles. 

Thereafter to date the well has continued to 
produce at a satisfactory rate. 


Screening Effect of Gravel on Unconsol- 
idated Sands—Ben Gumpertz, in PETROLEUM 
TECHNOLOGY, May, 1940, Technical Publication 
No. 1195; 8 pages. 

The use of gravel packing has been introduced 
as a means of keeping sand out of the bottom of 
the oil well where it would be a great nuisance. 
The properties of such packing have not hereto- 
fore been clearly explained. 

Field practice has shown that the screening 
effect of a given gravel for a given sand appat- 
ently varies with the flow velocity. Also, it has 
been assumed by some operators that the thick- 
ness of the walls of the gravel envelope surround- 
ing the well has little effect upon the screening 
process. It is thought by others that a narrow 
envelope of gravel might form an ineffective 
screen. 

The author therefore devised an experiment 
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to determine the effect of gravel-sand size ratio 
upon screening action under the condition of 
varying fow velocities and of various thicknesses 
of the gr: vel screen. From these experiments he is 
able to state the following conclusions: 

The largest grains of a gravel to be used for 
screening unconsolidated sand over the entire 
range of flow velocities should bear a diameter 
ratio of 11 to the diameter of the sand at the 10 
percentile analysis. For velocities below 
1.0 X 10-3 ft. per sec. at the well face this ratio can 
be increased to 16. This in a large measure agrees 
with the theory and results of Coberly and 
Wagner. 

The minimum width of the walls of a gravel 
pack, to give good screening action, seems to be 
that just sufficient to start bridging action. This 
width may be that of several grains of the gravel. 

In a gravel pack there is no relation between 
flow velocity and gravel-sand size ratio, and the 
distribution of sand in the pack. Some sand was 
found to migrate the length of the pack in all 


cases. 


Dehydrating Gas Used for Repressuring 
the K. M. A. Field—D. H. Stormont in o1L AND 
GAS JOURNAL, Vol. 39 (1940), No. 4, pp. 34-36. 

In repressuring operations in the K. M. A. 
field in North Texas serious trouble with gas 
hydrates led to the installation of a large dehy- 
drating plant which is unique in the use of a new 
combination of dehydrating agents. The combin- 
ation in question involves the use of propane 
refrigeration in conjunction with diethylene 
glycol dehydration. Both of these have been used 
before but this seems to be the first instance 
where they have been used together. 

The gas (10 million cu. ft. a day) is first com- 
pressed in two stages to 300 lbs.; any water 
precipitated is removed and diethylene glycol is 
introduced into the gas stream at the approximate 
rate of three gallons per minute. The glycol-laden 
wet gas is passed first through a heat exchanger 
where it is partially cooled by gas exiting from the 
system. After passing in part through heat 
economizers the gas arrives in the propane chillers, 
where the gas temperature is reduced to approx- 
imately 0 deg. F. 

The propane chillers, which are supplied with 
propane at the rate of 16,000 lbs. an hour, are of 
the conventional type. From the chillers the 
refrigerated wet gas enters a gasoline separator 
where most of the gaseous fraction separates from 
the gasoline-glycol mixture; the separation is 
completed in a series of accumulators and a 
gravity separator where the diethylene glycol is 
drawn off for rectification. The dry gas, which 
now has a satisfactorily low-dew point, is com- 
pressed to about 1,800 lbs. and returned to the 
field for injection into pressure maintenance wells. 

In another plant at this field a system com- 
prising an absorption oil tower and an activated 
alumina drier is also used for dehydrating the 
gas after de-watering at the first compression 
stage. 


Prevention and Removal of Paraffin Ac- 
cumulations—W. Y. Brown,’ before AMERICAN 
PETROLEUM INSTITUTE, Fort Worth Meeting, 
May, 1940. 

Opinions and facts on the paraffin problem 
Were obtained through a questionnaire sent to 
producers throughout the industry by the 
Institute’s Eastern District Topical Committee 
on Production Practice. From the answers 
received the following conclusions seem war- 
Tanted. 


The problem today is about equal in severity 
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to that experienced by operators 10 years ago. 
Although conservation policies have tended 
toward alleviation, the production-rate limit- 
ations have aggravated paraffin deposition. This 
is particularly true in young fields where produc- 
tion is obtained by natural flow. 

Other than a widespread adoption of those 
principles promoting gas conservation and in- 
creased ultimate recovery, nothing of note has 
been applied successfully during the past decade 
for preventing paraffin accumulations. 

Some progress has been made, however, in the 
direction of removing the accumulation after it 
has occurred. 

Although the primary factor influencing the 
preference of any paraffin-removal method is cost, 
no single technique for handling a given type of 
deposition can be recommended universally. 

A general decline, and in the newer fields com- 
plete disappearance, of the use of steam as a 
paraffin-removal technique is observed. This de- 
cline is a result of the replacement of steam by 
other means as pumping power. 

Those methods now preferred by oil producers 
for removing paraffin accumulations as indicated 
by the Institute’s questionnaire are listed here- 
inafter in the order of their popularity. Such 
methods as pertain only to strongly specialized 
equipment are not included. 

A. From Tubing of Flowing Wells: 

1. Use of wire-line scraping tools. 

2. Use of automatic scrapers or darts. 

3. Stopcock flowing or purging. 

B. From Tubing of Pumping Wells: 

1. Pull rods. 

2. Use of commercial solvents and softeners. 

3. Pull tubing, and steam same. 

C. From Flow Lines: 

1. Burn crude oil in bell holes under lines. 

2. Purge lines by opening chokes of flowing 
wells. 

3. Flush lines with steam. 

4. Circulate hot water, kerosene, or gasoline 
through lines. 

D. From Stock Tanks: 

1. Clean tanks, disposing of sediments by 
spreading on lease roads or burning in 
pits. 

2. Reclaim through heating plants. 

=. From Sand Face or Liner Section: 

1. Batch treatments of heat-generating 
chemicals, commercial solvents or soft- 
eners, hot water or gasoline. 

2. Use of steam. 


Paraffin Removal by Electrical Process— 
B. Mills, in O11 WEEKLY, Vol. 98 (1940), No. 2, 
pp. 15-17. 

Thirty wells in the Texas Panhandle that had 
been giving paraffin trouble were equipped by 
Drilling and Exploration Co. with facilities for 
melting the paraffin deposits by electrically 
generated heat. In this method the hanger is 
insulated from the casinghead by an insulated 
medium shaped to fit the heads, while the tubing 
is insulated from the casing by conical-shaped 
insulators placed around the couplings to hold the 
tubing in spaced relation to the casing. A spring 
contact is set at the required depth to complete 
the circuit between the tubing and casing. A 
direct or alternating current of high amperage 
and comparatively low voltage is then introduced 
by connecting the input terminal to the tubing 
and the return terminal to the casing. This re- 
moves the necessity for using cables between 
the tubing and casing, since the current passes 
down through the tubing, through the contact 
springs, and back through the casing or forma- 
tion. Heat is generated in the tubing, rather than 


in the casing because of the smaller diameter of 
the tubing and its consequent greater resistance 
to the current. 

Usually the electrical connections are not in- 
stalled until mechanical failure or paraffin trouble 
makes a pulling job necessary. When the casing 
and tubing are replaced the joints are carefully 
cleaned and made up tight. The current for heat- 
ing is supplied by a variably controlled D. C. 
generating unit driven by a 150 h. p. gasoline 
engine mounted on a truck; the amperage is 
eround 675-775 with a voltage of 79 to 88. The 
highest temperature that has been so far required 
is 109 deg. F. and the time required is about one 
hour. After melting, the parffin need not be 
pumped out immediately as it shows a tendency 
to remain some time in solution in the oil. 

The system has been in operation for a period 
of two years and has given satisfactory results. 
Total oil production from the 30 wells has been 
about 115,000 bbl. and the calculated cost of the 
paraffin treatment has been $787.50. 


NATURAL GAS 


Experiment with Liquefied Natural Gas 
for Storage—W. V. Howard, in OIL AND GAS 
JOURNAL, Vol. 38 (1940), No. 52, pp. 18-19. 

Reference is made to an experimental plant 
where natural gas is liquefied and stored in cork- 
insulated tanks at a pressure of 5 to 10 Ibs. and a 
temperature of —250 deg. F., after first being 
deprived of all traces of water, COg and SOg. The 
storage tanks are made of 2 percent nickel steel. 
The insulation seems to be very effective, as only 
1 percent of the liquefied gas is vaporized in 24 
hours, and it is thought that this might be 
reduced to 4 of 1 percent by laying on another 
8 inches of cork insulation. At the present time 
liquefied gas at this plant is being vaporized and 
turned into the lines at the rate of 500,000 cu. ft. 
per day. 

The practical value of this experimental work 
lies in the possibility of storing gas in liquid form 
during slack periods so as to provide for peak 
loads without the necessity of providing enlarged 
transmission and producing capacities to allow for 
these peaks. Another important factor is the 
reduction in cost of storage facilities, as 1 cu. ft. 
of liquid natural gas is equivalent to 600 feet in 
the gaseous state. No cost details are given. 


Experience with Underground Storage of 
Gas—F. H. Finn, before AMERICAN GAS ASSOCIA- 
TION, Houston, May, 1940. 

As a result of the experience of the Peoples’ Na- 
tural Gas Co. and the New York State Natural 
Gas Corp., it has been found that the most effec- 
tive storage for all practical purposes is in small 
pools where large open-flow wells are available, 
thus resulting in high capacity to produce for a 
relatively small amount of gas stored. It is also 
considered important that the storage take place 
under conditions whereby the gas is pumped only 
one way, i.e., either pumped into storage or 
pumped out of storage. Pumping of the gas both 
ways increases the expense considerably. 

Storage has been found to be an excellent solu- 
tion for the problem of peak loads, as the storage 
process can be accomplished at times when gas 
is not needed so badly for the market, and with- 
drawal can be made at a rapid rate when market 
requirements are excessive. 

It is believed that the most economical type 
of storage is that which can be made in pools 
which will hold from 500,000,000 to 3,000,000,000 
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cu. ft. of gas at a rock pressure of not more than 
500 1b., and from which the gas can be withdrawn 
at a rate which will accomplish complete empty- 
ing of the storage in 6-month time if it is needed. 


Methane as Fuel for Diesel Tractors, 
Anon, Revista Italiana Petrolio, 1940, April, pp. 
15, 17, 18. 

A report is made of the use of compressed 
methane (natural gas) as a fuel in Diesel engines 
in place of heavy naphthas. The subject is of 
some importance in a country like Italy which 
must import liquid hydrocarbons, but has a con- 
siderable native supply of natural gas which is 
available in high pressure drums at filling stations 
along many of the principal roads in the northern 
part of the country. 

The experiments, which were made on the 
engine bank and on the road, showed that the 
only alterations necessary were to change the 
compression ratio to about 1:11 and install a set 
of spark plugs, and to make a few minor adjust- 
ments that would not interfere greatly with the 
later return of the engine to normal Diesel service. 
Thus equipped and supplied with compressed 
methane the Diesels gave an increase of 45 to 50 
percent in brake horse-power as compared to 
what they delivered when working on naphtha. 


PIPELINES 


Pyralin Coatings for Pipe Lines. D. H. 
Johnson, in PIPE LINE NEws, Vol. 12 (1940), No. 
7, pp. 8-9, 16. 

Under the title ‘‘Bodyguard for black gold”’ an 
account is given of experiments in protecting 
underground pipes with pyralin sheets (a nitro- 
cellulose product). Experiments with this ma- 
terial date back to 1934 in the Texas oilfields, 
and it seems that it answers the purpose. The 
recommended grade is a black pyralin that comes 
in sheets 0.01 inch thick which are wrapped 
spirally around the pipe and the laps cemented 
water-tight with a special cement. No cost 
information is given. 


Selection of the Most Economical Pipe and 
Valve Size and Rate of Flow in Piping Sys- 
tems—S. P. Johnson and F. L. Maker, before 
AMERICAN PETROLEUM INSTITUTE, Fort Worth 
Meeting, May, 1940. 

The size of long pipe lines usually is determined 
by balancing pipe cost against pumping cost. As a 
formal economic study for each element of a 
plant piping system would be out of the question, 
various shortcut methods commonly are em- 
ployed, the most usual being toassumea reasonable 
velocity or a reasonable pressure drop on the 
basis of experience or common sense. This paper 
examines these methods, and shows that they are 
apt to err when the density or viscosity of the 
fluid is unusual or when special materials are 
required. A rational method of selecting pipe 
size for any fluid is worked out, and charts are 
included which permit the economic selection of 
size to be made with a minimum of calculation. 

It is shown that valves, and sometimes other 
appurtenances, are not necessarily best made the 
same size as the line. The economy of small-size 
valves has been worked out, and suggestions are 
made for installation. 

The flow rate in a piping system usually is 
dictated by process requirements or basic as- 
sumptions. 


There are, however, interesting 
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exceptions when the designer of the piping must 
choose the flow rate as well as the pipe size to 
secure the lowest overall cost. One of the most 
important problems of this class arises in design- 
ing a loading system for tank ships, tank cars, or 
trucks when a three-way balance should be struck 
between pipe cost, pumping cost, and cost of 
delay. This problem is simplified by the develop- 
ment of a chart showing the most economical 
flow rate for any given or assumed loading 
system. 


Microbiological Anaerobic Corrosion (of 
pipe lines). Raymond Hadley, before AMERICAN 
GAS ASSOCIATION, Houston, May, 1940. 

The author directs attention to a form of 
corrosion that occurs only under anaerobic soil 
conditions, but which is quite important under 
circumstances favorable to it. In fact, it is said 
to be astonishingly common in certain eastern 
states. 

One of the components of the products of 
anaerobic corrosion is ferrous sulphide, which is 
produced by the metabolic activity of bacteria 
which are able to reduce sulphates, from which 
they liberate hydrogen sulphide which then 
attacks iron and steel; the presence of ferrous 
sulphide on a buried pipeline can be taken as an 
indication of bacterial corrosion. 

This bacterial corrosion appears to be more 
virulent than corrosion which occurs under 
aerobic conditions. This is indicated by the fact 
that the depths of the pits on the steel surface are 
deeper than those which occur in adjacent areas 
where conditions are not favorable for anaerobic 
bacteria. Hence the sulphate reducing bacteria 
constitute more of a hazard to the pipe line. 

Another characteristic of the microbiologic 


anaerobic corrosion process is that it is not ‘‘self 


stifling’. The rate of corrosion, or the rate at 
which the pits increase with depth, instead of 
decreasing with time as is otherwise the case, 
seems rather to accelerate with the passage of 
time, at least as regards some localities. 

The author notes that the study of this form of 
corrosion has been neglected, and that methods of 
combating it economically have not been much 
investigated. 


PHYSICS 


Physical Constants of Asphaltic Bitumens 
R. N. J. Saal, K. Meinema and P. C. Blokker, in 
JOURNAL INSTITUTE PETROLEUM, Vol. 26 (1940), 
No. 199, pp. 246-255. 

This paper gives a survey of the following 
bitumens: 
dielectric strength, angle of dielectric loss, dielec- 


electrical properties of asphaltic 
tric constant and electrical conductivity; a des- 
cription of the methods by which these constants 
are determined is also given. 

The dielectric strength, dielectric loss, and 
dielectric constant of asphaltic bitumens are of 
great importance for the different applications of 
bitumen in the electrical industry, where it is used 
for instance in pothead compounds, sealing com- 
pounds for transformers, impregnation material 
for condensers, insulation material for cables, etc. 

The dielectric strength of a material is the 
minimum value of the electric field intensity at 
which a disruptive discharge occurs in the ma- 
terial under specified conditions. 

Among the bitumens tested a Venezuelan 
steam reduced bitumen having a penetration of 
180 and a softening point of 391% deg. C. showed 
a dielectric strength of 10; a similar material with 


penetration 11 and softening point 83 deg had a 
dielectric strength of more than 60; evidently 
this property is closely related to the hardness of 
the material. 

When an insulating material is expose: to ap 
alternating electric field, so-called  diclectric 
losses usually occur, which manifest the 
as heat evolution. These losses play an important 
part in insulation technique, for instance, when a 
current is sent through a cable; this invol\ es loss 
of electrical energy, while, moreover, the condition 
of the cable may be adversely affected by the 
generated heat. 

Among the bitumens examined none showed 
loss of more than one watt at 70 deg. C.; losses 
are therefore negligible with alternating oltage 
of low frequency; at higher frequencies the losses 
may be larger. The dielectric contant lies between 
2.5 and 3.3 with bitumen from cracked residue 
showing the higher value. 


iselves 


The specific conductance increases consider. 
ably with rising temperature and is generally the 
higher the softer the bitumen; it is approximately 
proportional to the square of the penetration at 2 
definite temperature. 


Steady Flow of Gas-Oil-Water Mixtures 
through Unconsolidated Sands — M. ¢. 
Leverett and W. B. Lewis, in PETROLEUM TECcH- 
NOLOGY, Vol. 3 (1940), No. 2, Technical Publica. 
tion No. 1206; 9 pages. 

Since three phases—oil, gas and water are 
known to be present in oil reservoirs it is essential 
to know the effective permeabilities to the several 
fluid phases and the relationship between the 
composition of the pore space and that of the 
flowing stream in order to handle satisfactorily 
certain problems of oil production. 

As a contribution to this subject the authors 
made an experimental study of various mixtures 
of the three phases that flowed through several 
sands, and from the results they deduce the 
following conclusions: 

The relative permeability to water is deter- 
mined by the water saturation alone, and is not 
affected by the introduction of an additional 
nonaqueous phase. 

The relative permeability to gas in three-phase 
flow is slightly less than would correspond to the 
same gas saturation in two-phase flow. 

The relative permeability to oil varies in a more 
complex manner, being in some regions less and 
in others more than for the same oil saturations 
in two-phase flow. 

The isoperms for all components are inde- 
pendent of the viscosity of the oil phase. Points 
determined using kerosene and points using the 
more viscous blended oil fall along the same 1so- 
perms. 

f al 
three phases in a flowing stream in equilibrium 


The presence of appreciable amounts « 


with the fluid in the pore space is limited to a 
relatively small region of pore composition. 


CHEMISTRY 


Colloid Chemistry of Clay Drilling Fluids. 

-A. G. Loomis, T. F. Ford and J. F. Fidiam, in 
PETROLEUM TECHNOLOGY, Vol. 3 (1940), No. 2, 
Technical Publication No. 1201; 12 pages. 

It is held that solutions to outstanding prob- 
lems in the further development of drilling muds 
are to be sought largely in the light of the colloid 
chemistry of clay suspensions as it has now beet 
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Prominent in a study of these prob- 
ve an explanation of the effect of the 
iemicals now in use to control the 


develop' 
lems wil! 
various 

rheologi properties of drilling muds. 

It is shown that viscosity-reducing chemicals 
are absorbed on specific surfaces of the clay 
particles nd that they reduce the viscosity of 
suspens! by destroying the portion of the 
absolute gel strength that is attributable to 
adhesion between particles. On the other hand, 
salts are not adsorbed but cause gelation and 
coagulation because of induced changes in the 
interparticle ionic atmospheres. 

Results of a comparison of the viscosity- 
reducing effects of the polyphosphates with other 
standard viscosity reducers show that sodium 
pyrophosphate is one of the most effective. How- 
ever, it is found that among the polyphosphates 
the pyrophosphate, which has the lowest molec- 
ular weight, produces the least permanent effect 
and that as the molecular weight increases to the 
decaphosphate there is a corresponding increase 
in the permanence of the viscosity lowering. This 
behavior suggests diffusion into inner particle sur- 
faces, the rate of which decreases as the size of 
the adsorbed molecules is increased. 

Proof is given that the tannate and _ pyro- 
phosphate ions are adsorbed on the same surfaces 
of the clay particles and that the polyphosphates 
produce equal viscosity-lowering effects per mole- 
cule because they cover equal areas per molecule. 

The application of thixotropy and gel strength 
to drilling problems is discussed in detail and it is 
shown that while both elasticity and mechanical 
strength of clay gels are destroyed as a result of 
chemical treatment, the initial gelling rate of 
muds in the completely de-gelled condition is not 
significantly changed. An equivalent degree of 
gel strength, which may differ in its mechanism 
but not in its utility, may be regained in a treated 
mud by adding salt. 

On the basis of the detailed structure of clays 
as revealed by X-ray analysis, chemical formulas 
are written for colloidal clay particles and utilized 
to explain most ot the phenomena shown by clay 
suspensions. 


REFINING 


Reducing the Time of Regenerating 
Doctor Solution. Anon. REFINER, Vol. 14 
(1940), pp. 123-124. 

The old system used at the plant of the 
Leonard Refineries (Alma, Mich.) required 24 
hours or longer to regenerate the spent doctor 
solution; in this old system the regeneration was 
effected in open steel vats equipped with steam 
heating coils and spiders for blowing and mixing 
with compressed air. 

It turned out that the unsatisfactory perform- 
ance of this system lay in failure to obtain 
maximum intimacy of contact between the air 
and the doctor solution. The system was there- 
fore substituted by the following arrangement: 
A vertical column, consisting of a 6-inch pipe 12 
feet long was erected at the side of the treating 
vat; 13 alternate slots were cut in this pipe into 
which baffles were slipped and welded in place, 
thus providing conditions for high turbulence. 
The bottom of the tower is connected with the 
e vat, the pump and a line for com- 
pressed air; the air and the 20 bbl. batch of spent 
doctor rise through the column, from the top of 
which the solution falls back into the vat. Proper 
temperature conditions are maintained in the 
circulating fluid, 


bottom of t 
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The saving in time and steam by reducing the 
duration of the operation from 24 down to two 
hours quickly absorb the cost of this simple 
apparatus, 


Lime Wash for Hydrogen Sulphide Re- 
moval. Anon. REFINER, Vol. 19 (1940), No. 4, 
pp. 121-122. 

The Big Spring (Tex.) refinery of the Cosden 
Petroleum Corp. which processes 17,000 bbl. of 
West Texas crude a day and has a cracked 
distillate output of 8,000 bbl., uses a lime wash 
made from hydrated lime as a first stage in the 
treatment of its 400-end point stabilized gasoline. 
The function of the lime wash is to remove 
sulphur that is present in the form of hydrogen 
sulphide. The object of this step is to reduce the 
expense of the sweetening operations as usually 
conducted. 

The complete process as here conducted con- 
sists of making a thin suspension of the hydrated 
lime in water, which is circulated through the 
gasoline-treating units until it is exhausted, or 
spent, after which it is dumped into the sewer. 
The thoroughness of the treatment is controlled 
by a lead acetate test, which has consistently indi- 
cated that the gasoline that comes from the lime 
treatment is free from hydrogen sulphide. The 
next step is a thorough wash with a 20 deg. Be. 
caustic soda for removal of a portion (25 percent) 
of the mercaptans before finishing. The caustic 
used for mercaptan removal is regenerated. The 
gasoline from the caustic treatment goes directly 
to the doctor-treating system; the lead sulphide 
in the doctor solution is recovered and used after 
the material is passed through a centrifugal for 
reclaiming hydrocarbons entrained in the emul- 
sion. 

The reduction in treating cost after installation 
of the revamped treating system is quite an item. 
The NaOH requirement for treating an average 
of 8,000 barrels of cracked gasoline per day is only 
35,000 pounds per month. This amount is less 
than .13 pounds per barrel of distillate treated, 
which, when reduced to requirements is only 
about .00308 pounds per gallon of distillate. 
The lead for doctor treating is about 1,200 
pounds monthly, which is only about .0000105 
pounds per gallon, showing an extremely high 
recovery of lead from the treating solution, and 
a surprising low cost per barrel. 


GENERAL 


Cooperative Fuel Research Motor-Gasoline 
Survey, Winter 1939-40—E. C. Lane in BUREAU 
OF MINES REPORT OF INVESTIGATIONS, No. 3524 
(June, 1940). 

This is the ninth in a series of reports on 
properties of commercial motor tuels made in 
accordance with a cooperative agreement between 
the C. F. R. committee and the Bureau of Mines. 
The present report presents analytical data for 
2,033 samples, representing the products of 
approximately 80 companies, which, as_ in 
previous surveys, include both large and small 
suppliers. As in previous surveys, the data are 
divided into the three groups of samples of 
regular-price, premium-price, and third-grade 
gasolines, ard each group has been averaged 
separately. 

For the country as a whole the grand average 
octane numbers (A. S. T. M.) for the three 


principal grades of gasoline came out as follows: 
Regular-price gasoline 72.7 
Premium-price gasoline 78.5 


—- x 


Third grade gasoline 64.2 
A comparison of data for the winter of 1939- 
10 and that of 1938-39, respectively, for the three 
t 
grades of gasoline, shows that the spread of the 


octane number for 90 percent of the items in the 
regular-price grade for 1939-40 is greater by 2 
numbers than for 1938-39, the low limit of the 
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range being 1.1 and the high limit 3.3 number 
above those of the previous year; in the premium 
price grade, both the low and high limits of 90 
percent of the items are slightly higher than in 
1938-39, but the spread between them is slightly 
less; in the third grade the low limit of 90 percent 
of the items is about 2 octane numbers higher, and 
the high limit 3 octane numbers higher, giving a 
spread 1 number greater than in 1938-39. 

The limits of the ranges of vapor pressures in 
which 90 percent of the items of regular-price, 
premium-price, and third-grade gasolines is in 
cluded, are approximately the same as for the 
corresponding groups during the winter of 1938- 
39, although the spread for the third-grade 
gasolines is slightly wider than for the previous 
winter. The limits of the temperature ranges in 
the distillation for the regular- and premium 
price gasolines are very much like those of the 
previous winter, although the spread is slightly 
less. The third-grade gasolines have a slightly 
narrower spread than for the previous winter, and 
the limits of the range are slightly lower. 


Prospects of Diesel-Engined Air Craft. 
Oscar Tokayer, in PETROLEUM PRESS SERVICE, 
Vol. 7 (1940), No. 3, pp. 267-268. 

Previous knowledge and experience has not yet 
overcome the difficulty of developing a Diesel 
aero engine which, weight for weight, can ap- 
proach, at cruising speed, the horse-power of a 
modern 100-octane gasoline aviation engine 
Moreover, the Diesel engine suffers from the 
inherent disability of being unable to run satis 
factorily at heavy overload; it lacks the capacity to 
supply that extra effort necessary to get a laden 
aircraft off the ground; and until ways and means 
of circumventing this inherent drawback are 
devised, the Diesel-engined machine must neces 
sarily carry a lighter commercial load 

Thus even on paper Diesel transport can only 
begin to compete with the gasoline-engined aero 
plane over distances equivalent to 7% hours or 
more of continuous flying; for it is only at this 
point that the saving in weight due to a lower fuel 
consumption can overcome the initial payload 
deficiency. 

The practicability of refuelling an aircraft in 
the air from a tanker machine, demonstrated in 
1939, has removed one of the outstanding theore 
tical objections against the Diesel aircraft, for 
again on paper—there appears to be no reason 
why a Diesel-engined aeroplane should not take 
off with a small quantity of fuel and a full com 
mercial load, subsequently having its tanks 
“topped up” in the air. 

Outstanding among the advantages of the 
Diesel-engined aircraft is the reduced danger of 
inflammable 
than gasoline. This factor, however, is probably 


fire, since gas oil is naturally far les 


of psychological rather than material importance. 
The use of the Diesel also removes radio inter 
ference problems. These points are particularly 
attractive for training machines; and in view of 
the relatively small size of engine required it is 
here that the aircraft Diesel can best find its 
opening. 

It is sometimes claimed that Diesel aircraft fuel 
would be cheaper than aviation gasoline; but 
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this appears doubtful. The number of crudes 
capable of yielding a raw gas oil distillate from 
which an aviation. Diesel fuel might be made is, in 
fact, limited; in every case solvent extraction (as 
used in high grade lubricating oil manufacture) 
and the incorporation of ‘‘dopes”’ 
ignition quality, would be required 
these are expensive. 


to improve 
and both 


To date, practically the only development work 
on the aviation Diesel engine has been done in 
Germany. But since a number of heavy Diesel- 
engined Junkers transport machines were put 
into service in 1934, little practical progress has 
made. This, 
due to the intense pre-occupation of the engine 
manufacturers with military design. Three or four 
years are generally required to develop a new air- 
craft engine from experimental embryo to the 
finished article, and the German manufacturer 
has recently been allowed little time to devote to 
this branch of research. 


been however, has been entirely 


To sum up, it may be said that for long range 
and high altitude flying, the Diesel engine has 
little promise of success at present, but that the 
lessened fire risk might make further research into 
the small Diesel-engine for primary trainers well 
worth while. 


Calcining Petroleum Coke in California. 
L. P. Stockman, in OIL AND GAS JOURNAL, Vol. 39 
(1940), No. 8, pp. 36; 38. 

Petroleum coke from refinery cracking units, 
though an excellent domestic fuel, is virtually a 
drug on the market in California due to the 
relatively low consumer price of natural gas. 

Lately it has appeared that an unsatisfied 
good market exists for a high grade pure carbon. 
Petroleum coke as it comes from the cracking 
coking units is not pure carbon, as it contains 
around 15 percent of volatile matter, whereas a 
high-grade carbon should contain less than one 
percent of such impurities. 

The principal uses for high-grade carbon are in 
the manufacture of carbon electrodes and anodes 
in dry-cell batteries and for general metallurgical 
lines where a pure quality of carbon is required. 
This carbon is also used in the aluminum indus- 
try, for manufacture of carbon brushes for elec- 
tric motors, for abrasives and other miscellaneous 
uses. It is sold to metallurgical consumers through- 
out the world under very rigid specifications and 
analytical guarantees. 

To produce a carbon of the required quality a 
plant has been erected in California to treat 
about 384 tons of petroleum coke a day, from 
which it is expected to produce 323 tons of pure 
amorphous carbon a day. The process consists of 
two-stage heating the coke in calcining chambers 
to a temperature of approximately 2,700 deg. F.; 
the necessary heat is supplied by a fuel-oil fired 
furnace. The same company is now operating two 
similar plants in Illinois and Texas. 


Wildcat Drilling in 1939—Frederic H. Lahee, 
in BULLETIN ASSOCIATION PETROLEUM GEOLOGISTS 
Vol. 24 (1940), No. 6, pp. 953-958. 

This fifth consecutive annual review of wildcat 
drilling in the United States lists a total of 
8,624,602 feet drilled in 2,589 holes, of which 270 
of the holes were producers with a total depth of 
1,109,687 feet, and 2,319 were dry holes with a 
total drilled footage of 7,514,915 feet. The dis- 
tribution of these holes is given by states in the 
accompanying table. 

From these figures it may be calculated that 
only 10.43 percent of the holes drilled and 12.87 
percent of the footage was successful. 

As regards the methods used for locating the 
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sites for these holes the information obtained 
indicated 217 wildcats that were drilled on 
technical advice based on geology and/or geo- 
physics were successful (oil or gas) and 1,446 were 
dry; 43 holes located for a variety of assigned non- 
technical reasons were successful and 666 were 
dry; 10 producers and 207 dry holes were located 
for reasons unknown; thus 13 percent of holes 
located by technical advice were successful as 








Number of Oil Wells, and Dry Holes Drilled as Wildcats in 1939 





compared with 6 percent located  withoy; 
scientific help. A reference to previous years 
shows that locations based on technic recom. 
mendation continue to be about twice or three 


times as successful as “‘hunch”’ wildcatting, 
The tendency of late years is for th¢ 


iverage 
depth of wildcat holes to decrease. This i explain. 
ed by the great increase of wildcat drilling in the 
shallow fields of Illinois, Indiana and Michigan. 














oil Gas Dry 
Total 
States Num- Num- Num- Num- Total 
ber of Footage ber of Footage | ber of Footage ber of | Footage 
Holes Drilled | Holes Drilled Holes Drilled Holes Drilled 
Alabama 6 20,579 6 
Arkansas 5 36,119 1 1,618 33 114,529 41 
California 33,049 98 434,679 102 
Colorado 6 35,614 6 
Florida 2 10,208 1 
Georgia 3 7,154 3 
Illinois 29 70,986 I 148 962.133 478 
Indiana 17 47,822 $ 83 172,053 103 
Kansas 19 63,017 2 74 258,031 95 
Louisiana 8 84,402 7 125 862,821 140 
Michigan 12 19,521 1 361 668,145 374 
Mississippi 2 10,172 16 67,195 18 77.867 
Missouri 22 37,680 22 37.680 
Moatana 6 10,245 6 | 10,245 
Nebraska 1 2,292 6 14,001 | 7 16,293 
New Mexico 6 13.897 19 62,856 25 76,753 
Oklahoma 17 64,386 t 17,886 91 388,470 112 470,742 
So. Carolina 2 2,815 | 2 | 2.815 
So. Dakota 1 6,188 2 6,188 
Texas 104 467,277 27 115,013 906 3,353,512 1,036 3,935,802 
Wyoming 8 26,007 | 8 26.007 
eee 
224 913,440 16 196,247 2.319 7,514,915 | 2.589 8,624,602 





CORRECTION 


The editors regret that through an error in 
the August issue the illustration of the 
minature Petreco Electromatic desalting 
plant (below) appeared with a caption written 

















for Airetool Manufacturing Company's 
recently developed catalyst tube cleaner. 
Both illustrations are here reproduced with 
correct captions. 








Illustrated above is a minature Petreco Electromatic 
plant which was designed to show the operation of 
this unit in relation to a refinery but which actually 
de-salts almost a gallon a minute. Built on an exact 
scale of V% in. to one foot, it represents a plant having 
a capacity of 4,000 bbl. daily and forms part of 4 


valuable educational exhibit. 


Illustrated on the left is a recent development a 
nounced by the Airetool Manufacturing Co. which 
has decreased tube cleaning time 75 percent and 
labor costs 50 percent in a test demonstration. It Is 
said to have removed much of the danger in cleaning 


reactor tubes in polymerization units. 
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Federal Oil Control 


(Continued from page 29 


In the trial in the District court the 
defendants, in addition to citing economic 
factors, including control of production, the 
Connally Act and increase in consumptive 
deniand, as responsible for prices rises and 
spot markets’ stability in 1935 and 1936, 
advanced government approval of the pro- 
gram as ground for exemption from the 
prohibitions of the Sherman law. This con- 
tention the trial judge disallowed in his charge 
to the jury and the Circuit Court of Appeals 
held this charge reversible error, since it was 
based upon the theory that such a combina- 
tion was illegal per se. In the view of the 
Circuit Court the activities were not illegal 
unless they constituted an unreasonable re- 
straint of trade. Hence, since this issue had 
not been submitted to the jury the Court 
reversed the findings and remanded the case 
for new trial so that ‘‘the character of those 
activities and their effect on competition 
could be determined.”’ 

In the dissenting opinion Supreme Court 
Justice Roberts summarized the case and his 
reasons for finding error in the judgment of 
the trial courts as follows: 


“There was substantial evidence that all 
the defendants agreed to, or did, was to act 
in concert to eliminate distress gasoline; 
that such gasoline was a competitive evil 
in that it tended to impair or destroy 
normal competition. There was substantial 
evidence what they agreed to, and did, 
neither fixed nor controlled prices nor 
unreasonably affected normal competition 
and that their conduct affected prices only in 
the sense that the purchase of distress 
gasoline at going prices permitted prices to 
rise to a normal competitive level. There 
was no evidence that, as charged in the 
indictment, they agreed to, or in fact did, 
fix prices. The Court of Appeals, as I 
think, correctly held ‘that the substance of 
what was accomplished and agreed on was 
that the major companies would purchase 
from the independent refiners the latter’s 
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surplus gasoline at going market prices’. 


No sooner was this case completed than the 
Department of Justice, with the approval of 
the Administration, launched further investi- 
gations which were intended to result in an 
even more sweeping prosecution based on the 
threat to destroy the integrated form of 
organization to which the oil industry owes 
much of its present efficiency. 

Before these later moves by the Justice 
Department had taken form President Roose- 
velt, acting on the recommendations of the 
Energy Resources unit of the National 
Resources Board, sent a letter to the House 
Interstate Commerce Committee accom- 
panied by a draft bill providing for federal 
regulation of the production of oil and gas and 
their transportation in interstate commerce. 

The measure was introduced by Representa- 
tive Cole August 5, 1939 and since that date 
has constituted the major legislative proposal 
dealing with petroleum pending in Congress. 
After exhaustive hearings by the Cole sub- 
committee lasting through March of this year 
no conclusion has been reached regarding the 
legislation. In presenting the bill Representa- 
tive Cole emphasized that it had ‘not been 
prepared by me or any member of the sub- 
committee over which I presided as chairman 
in 1934 and which has handled all legislation 
on the subject of petroleum since that time.” 

The bill would establish an Office of Petro- 
leum Conservation in the Department of the 
Interior under the direction of a Commis- 
sioner of Petroleum Conservation who would 
be authorized to determine what constitutes 
waste in the production of crude oil and 
natural gas. He would be empowered to 
prevent any ‘wasteful’ production. The 
measure sets forth a long list of production 
practices designated as wasteful but in the 
end invests the Commissioner with additional 
discretion to make other findings as to waste. 

There also would be established a Council 
on Petroleum Conservation consisting of 
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750,000 


Feet of 


Safe Drilling 


Accurate records of Chik- 
san All-Steel Rotary Hose 
used on drilling operations 
totaling 750,000 feet prove 
that Chiksan Hose cost is 
less than 1'4¢ per foot of 
hole drilled. This includes 
purchase price and all up- 
keep expense. When these 
records were compiled, 
thousands of feet of safe 
drilling service still re- 
mained in the hose, reduc- 
ing the ultimate cost of the 
average hose to less than 1¢ 
per foot of hole drilled. 


4” and 5” Sizes for Drilling 
3” For Standby and Pressure Service 
45’ — 50’ — 55’ — 60’ Lengths 


BUY THE HOSE THAT 
FITS YOUR PUMPS 


R. J. Eiche, Export Representative 
50 Church St., New York City 








' nN a IN 
TOOL COMPANY 


BREA, CALIFORNIA 
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SLUDGE CONVERSION 
ACID PRODUCTION 
SEPARATING AND 

CONCENTRATING PLANTS 
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Chemical Construction Corporation 
30 Rockefeller Plaza, New York, N. Y. 
Cables:—Chemiconst, New York 
European Representatives, Cyanamid Products, Ltd., 
Berkhamsted, Herts., England 


CHEMICO PLANTS are 
PROFITABLE INVESTMENTS 
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eighteen members, to be appointed by the 
Secretary of the Interior. Nine of the members 
would be state officials charged with the 
administration of petroleum conservation 
laws, six would be persons engaged in the 
production of petroleum and three would be 
teachers of subjects relating to petroleum. 
The Council would meet annually to confer 
with representatives of the federal govern- 
ment on matters laid before the meeting and 
relating to waste in production and civilian 
and military needs. The Council also would 
arrange for a current interchange of informa- 
tion with the office of Petroleum Conserva- 
tion on production methods and practices. 

Taking into account the detailed standards 
outlined, the commissioner would be required 
to regard as prima facie evidence of avoid- 
able waste any operation substantially at 
open-flow capacity. 

State officials and operating companies 
would be notified of the findings and the 
regulations and the opportunity would be 
given to make corrections. If the corrective 
measures are not applied the commissioner 
is authorized to bring action in the United 
States district court to enjoin such practices. 

The bill also provides the commissioner 
with authority to approve voluntary agree- 
ments to eliminate avoidable waste among 
the operators in any single oilfield. Likewise 
he is further authorized to cooperate with 
states or agencies acting pursuant to agree- 
ments between two or more states and with 
educational and research organizations, pub- 
lic or private. 

Pertinent oil activities in federal govern- 
ment would be consolidated in the Office of 
Petroleum Conservation and the Connally 
Act made permanent. The agencies listed for 
consolidation include the present Petroleum 
Conservation Division, Bureau of Mines, 
Geological Survey, Office of Indian Affairs, 
General Land Office in connection with oil 
and gas leased on public, Indian and naval 
reserve lands. In the aggregate these agencies 
expend approximately $1,400,000 and have 
nearly 450 employees in Washington and the 
field. This provision will be recognized as the 
outgrowth of the earlier battle betwen Secre- 
tary Ickes and the Department of Commerce 
for control of all agencies dealing with oil un- 
der a proposed Department of Conservation. 

Although Representative Cole had been 
informed that the bill was designed “‘solely as 
an oil conservation measure’ and does not 
attempt “to control supply through the 
establishment of production, marketing or 
transportation quotas; does not affect im- 
ports or exports nor provide for any coor- 
dinated industrial action in refining and 
marketing,’’ the hearings developed 
acknowledgment that, in any “conflict of 
authority”’ it is the “purpose of the measure 
to make federal authority prevail’. The ad- 
mission was made by Secretary of the 
Interior Ickes at the closing session of the 
hearings which had been held in both Wash- 
ington and New Orleans to disclose major 
opposition to such federal control. 

In answer to a letter from Representative 
Cole in which he noted the “essential ob- 
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The LINE SCALE 
Packer Special 


[ee Line Scale, and you 
get accuracy . . . economy 
+ Sensitivity .. . durability . . 
efficiency. This Packer Special 
model (illustrated) is unsur- 
passed for all tubing and packer 
setting work. Weighs to 100,000 
Ibs. Constantly active. Scale 
especially adapted for sucker rod 
and tubing pulling — may be 
used for drilling not exceeding 
50,000 load for tools. 





LINE SCALES FOR EVERY NEED 


Packer Junior, 6” dial, net Wt. 19 Ibs., 
2 sizes, 40,000 and 75,000 Ibs. cap. 
Packer Special, 8” dial, net Wt. 36 Ibs., 
100,000 Ibs. cap. 

Conrad, 12” dial, net Wt. 80 Ibs., 180,000 
Ibs. cap. 

Regular Driller, 12” dial, net Wt., 85 Ibs., 
360,000 Ibs. cap 

Regular Driller, 4” dial, net Wt., 88 Ibs., 
360,000 Ibs. cap. 

Super, 14” dial, net Wt. 91 Ibs., 500,000 
Ibs. cap. 
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> The Reflex Level Indicator illustrated is of forged steel construction 
3 throughout, with stainless steel trim. 
F Among its special features are : 
. Rigid box-shaped Forged Steel Gauge Body. 
Reflex Gauge fitted with one row of tightening bolts only. 
*. Separate Glasses easily removable. 
s Automatic safety shut-off balls at top and bottom. 
00 Easily detachable stuffing-box heads for removing gauge as a complete 
unit. 
Gauge can be turned to face any direction. 
— Klinger patent “* SLEEVED-PACKED”’ shut-off and drain cocks. 
Richard Klinger Ltd., are specialists in all types of LEVEL GAUGES including 
fi Double Plate (Thru-Vision) Type, Steam Heated Gauges and the Hubbard 
| Patent Gauge for LIQUEFIED GASES (Butane, Propane, etc.). 
us -— SLEEVE PACKED COCKS 
= : Easily renewable compressed asbestos packing sleeve. 
i = Packing can be re-tightened while in service. 
Parallel plug that cannot jam or seize. 
Y Standard forged steel cocks with stainless steel trim suitable 
| for pressure up to 1,200 Ibs. per square inch. . 
— Special cocks available for 6,000 Ibs. per square inch 
| | pressure. 
Working Temperatures up to 850°F. 
y) Unobstructed straight-through flow. Especially suitable for 
instrument connections and drains. 
Available as water gauge cocks, test cocks, superheater 
| drains, air cocks, etc., etc. 

















PISTON TYPE VALVES 


No seats to skim up. 

No valves to re-grind. 

No glands to re-pack. 

Tightness maintained by easily renewable “ Klingerit” 
valve rings. 

Made in gunmetal for pressures up to 250 Ibs. per square 
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High Heat Transfer 
Low Vapor Pressure Drop 
Long Tube Life 
Easy Cleanability 


Leach Exchangers are fully protected 
by U. S. and foreign patents 


Cc. H. LEACH CO. 
117 Liberty St. New York 
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jections” to the measure presented | y state 
officials and representatives of the i .dustry 
at the hearings President Roosevelt replieq 
that instead of a different legislative a: proach 
to the problem than embodied in the bill the 
modification should be in enforcemnt pro. 
cedures. 
In this letter the President said: 
As I understand the controversy ove 
H. R. 7373, there is little objection to the 
federal government prescribing, in order to 
conserve our petroleum resources, stand. 
ards of production to which oil producers 
should conform as a condition to the ship. 
ment of their oil in interstate commerce. 
The principal objection to the proposed 
legislation seems to be that it provides for 
federal enforcement of such standards, 
This being the case, I should think jt 
would be possible to agree that the stand. 
ards of production necessary to qualify oj] 
for shipment in interstate commerce should 
be prescribed by federal government but 
that these standards should be enforced 
by the federal government only if ap 
authorized federal agency finds that the 
states have failed to enact laws requiring 
conformity with federally prescribed stand- 
ards or have failed persistently to enforce 
compliance with such standards when 
required by state laws. In so far as the 
states fail to enact or enforce oil and gas 
conservation laws requiring conformity 
with the standards prescribed by federal 
law I should think that oil producers 
should be given the right to qualify their 
oil for shipment in interstate commerce by 
entering into voluntary agreements, sub- 
ject to the approval of the authorized 
federal agency, to conform with such 
standards. Legislation along these lines 
would in effect be an extension of the 
principles of the act of February 22, 1935, 
generally known as the Connally Law. 


These words of the President clarify the 
purposes of a policy that included such 
divergent aims as were embodied in the NRA 
and the Madison trials. If the industry ac- 
cepts federal control, the President expresses 
the opinion that: “ . the oil producers 
should be given the right to qualify their oil 
for shipment in interstate commerce by enter- 
ing into voluntary agreements, subject to the 
approval of the authorized federal agency ..” 

Under presidential proclamation, dated 
July 26, the President, acting under provi- 
sions of Section 6 of the Act of Congress ap- 
proved July 2 extended export license control 
to aviation motor fuel, aviation lubricating 
oil and tetraethyl lead and embargoed ship- 
ments to all countries except those in the 
Western Hemisphere. 

Another punitive measure prepared for the 
oil industry if it continues recalcitrant in 
regard to federal control is the Treasury 
Department’s proposal to amend the percent 
age depletion allowance provision of the it- 
come tax law to abolish the 27)2 percent 
depletion allowance and substitute for it the 
former cost allowance. This proposal failed to 
secure the approval of the House Ways and 
Means Committee, so the Treasury Depart 
ment announced that it would press for 
adoption of the proposal as an amendment t0 
the excess profits tax on the floor of House 0! 
Senate. It has been estimated that such # 
change in the depletion allowance would cos 
the industry some $80,000,000 annually. 
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CS LITTLE over thirty years ago there were but a few thousand miles 
of R.F.D. service in the entire country. Today, there are 1,380,000 


miles. By automobile the average carrier covers a route in three and a half hours 
that took the postman of thirty years ago, ten hours with horses and wagon. With / 
the automobile lessening time to do many things, came a new Industry — Natural 
Gasoline. The first Hanlon plant built in 1908 had only a few barrels capacity—today 
Hanlon-Buchanan plants with thousands of barrels daily capacity, supply domestic, 
coastwise and foreign markets with uniform high quality Stabilized Natural Gasoline. 
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Hanlon-Buchanan Inc 


PIONEER NATURAL GASOLINE MANUFACTURER 
gO TULSA P OKLAHOMA FOREICN REPRESENTATIVE: 


Moustony Fox. NATIONAL BANK OF TULSA BUILDING re ee 
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isti “<4 yey London, Engian 
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POR CONDENSERS 


The acceptance of Vogt heat transfer 
equipment for advanced engineering 
design and continuous, trouble - free 
service is evidenced by its selectionfor 
outstanding catalytic process plants 
now operating and under construction. 


HENRY VOGT MACHINE CO., INc. 


LOUIS VILLE, KEN T Oe 


NEW YORE * PHILADELPHIA e CLEVELAND * CHICAGO e CINCINNATI @ ST. LOUIS e DALLAS 
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3 IMPORTANT FACTS 
ABOUT THIS G-E OIL- 
IMMERSED STARTER 





The corros ion-resisting cast-iron head is de- 
signed for making condywit connections from 
top, bottom, er either side. Installation is 
easy, expense is low. 








The starter can be furnished with operating 
parts six inches under oil. When thus arranged, 
it is suitable for installation in a hazardous 
gas location. 










The circuit breaker can interrupt a short circuit 
of 10,000 amperes. The breaker and the mag- 
netic switch are mounted back to back. This 
arrangement is compact and is better able to 
withstand the mechanical stresses that a short 
circuit on the line might cause. 








The CR7008 oil-immersed starter con- 
sists of a magnetic switch for motor 
starting and a circuit breaker for 
disconnecting and for short-circuit protection. They come to you in one ‘‘pack- 
age,’’ to be installed as a unit—saving you time, trouble, and expense. 


This starter is designed for wall mounting. It needs only four bolts. The cast- 
iron head, a new feature, keeps the case from the wall and enables you to make 
rigid conduit connections from top, bottom, or either side. The incoming and 
outgoing terminals have solderless connectors. The control terminals are fur- 
nished with a binding screw. All this makes for easy wiring. Two stainless-steel 
tank holders provide a simple means for attaching the tank. 





ASSURES LOW MAINTENANCE, DEPENDABLE SERVICE — 


All operating parts, including the overload relays and the circuit breaker, are 
immersed in oil. Corrosive fumes cannot get at them. The cast-iron head, men- 
tioned above, resists corrosive moisture that may condense on it. The case is of 
copper-bearing steel, painted with aluminum paint. The contactor tips are 
extra heavy and are reversible in the Size 2 and Size 3 starters, thus being good 
for twice the usual length of service. Flamenol wire, which is resistant to oil, 


is used thoroughout the switch in making connections. 


the tank up and down. Hooks on which to hang the tank after it has been low- 


The operating devices are easily acces- 
sible. A special track arrangement on 
the inside of the tank facilitates moving 


ered are provided. You don’t have to set the tank on the floor and run the risk 
of its being upset and spilling the oil. 


Products of the GENERAL ELECTRIC COMPANY, U.S. A., are distributed throughoul 
the world by representatives of the International General Electric Company, Incorporated. 


THE G-E LINE OF OIL-IMMERSED CONTROL MEETS 


Type C4, high-volt- 
age, high interrupt- 
ing capacity 



























Type CR7006, low- 
voltage magnetic 
starter 














































G-E OIL-IMMERSED 
COMBINATION STARTER 


for Low-voltage Service 





on- 


tor 





for 


ck- Thermal overload relays, specially designed for operation in oil, 
protect the motor against damage from excessive overloads. They 
are mounted with contacts at the bottom or side to prevent the 
ast- possibility of oil sludge’s interfering with their action. Under- 
voltage protection safeguards machines and operators from danger 
of unexpected restarting after a power interruption. The incoming 
and terminals and the wires to the top of the circuit breaker are com- 
pletely shielded so that an operator cannot make accidental contact 
with these live parts. 

teel The new type of circuit breaker has a rating of 10,000 amperes and 
will interrupt short circuits up to that value. It is operated by means 
of a handle extending through the switch cover. The tank cannot be 
lowered unless this handle is in the “‘off’’ position, and power cannot 
be turned on until the tank is in place—an important safety feature. 
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To Meet Present Day Requirements 


THE MODERN GYRO PROCESS 


————E——————— 


GASOLINE CHEMICAL 





CHARGING STOCK FOR 

VARIOUS — PROCESSES PRODUCTION MANUFACTURE 
ALKY LATION HIGH OCTANE GASOLINE ETHYLENE 
POLYMERIZATION SPECIAL SOLVENTS PROPYLENE 
AVIATION GASOLINE AROMATIC DISTILLATE BUTADIENE 
ISO OCTANE BENZOL 
HYDROGENATION LOW VISCOSITY FUEL OILS TOLUOL 





























-JShe MODERN GYRO PROCESS is « development of 


years of experience in the Petroleum and Chemical Industries over a 
wide range of temperature and pressure conditions. 





COMMERCIAL GYRO operations have MODERN GYRO UNITS range in size ( 


proven the versatility of the Gyro Process to meet the chang- from Multi-Stage Cracking Operations, combining Two-Stage 

ing problems of today by producing products ranging from eee . ; 
9P dictates 3p ms Viscosity Breaking, Vapor Phase Cracking, Reforming, Polym- 

High Octane Gasoline for General Refinery Requirements to 

. : : ; . . . . it th . 

the production of Basic Chemicals and Charging Stocks for erization, and Treating, to Single Stage Units for the manu 


Special Processes. facture of Special Products from Selected Charging Stocks. 





Se GYRO ROYALTY RATES are no greater, 


and in many cases are less, than your present royalty rates, irrespective of the 
number and type of your present cracking units. 


GYRO PROCESS COMPANY 


Dime Bank Building 
Detroit, Michigan a 
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HOUDRY SHOWS PROVED OPERATING ABILITY 


“On Stream” 


A recently completed run shows the following, a record for any catalytic cracking unit: 
On Stream 200 days 
Gasoline 48.9% (once thru) 
Octane (clear) 86 (39 Research) 
Liquid Recovery 91.6% 
. and another unit reported in August the completion of 157 days ‘on stream” with 


96.6% time efficiency. 


This proved operating ability combined with a proved ability to produce aviation 


fuel for national defense makes the Houdry Catalytic Cracking Process of immediate 


interest to all refiners. 


Licensing Agents for the Houdry Catalytic Cracking Process 


Ek. B. BADGER & SONS CO. 


Boston, Mass. 


New York Philadelphia San Francisce London Paris 
S 
Engineers and Contractors 


for Petroleum Distillation and Refinery Equipment 











MODERN PYROLYTIC CRACKING 
PRODUCES QUALITY PRODUCTS 
WITH LOW PROCESSING COSTS 


Cracking units licensed by Gaso- 
line Products Company provide 
refiners with the latest accepted 
developments in pyrolytic crack- 
ing methods and equipment. 


Accurate balancing of the various 
phases of crude distillation, vis- 
cosity breaking and cracking in a 
self-contained system offers dis- 
tinct operating advantages. This, 
together with the adaptability of 
the system to various capacity re- 
quirements, assures the refiner of 
minimum operating and invest- 
ment costs. 


Gasoline Products Company is in a 
position to assist refiners in select- 
ing the proper specialized cracking 
unit or combination unit to meet 
any particular processing problem. 
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C7 WoO) OE PeCUNt tS COMPANY, INC. 


Jersey City, New Jersey 





26 Journal Square 


LICENSES granted under United States and Foreign Patents for: Cross, de Florez. Holmes-Manley. Tube and Tank Cracking Processes. Uni-Coil Injection Process and Combination Cracking Units 
ntative’ COMPAGNIE TECHNIQUE des PETROLES. !34 Boulevard Haussmann Pans France 


Licensin g Agents' THEM W KELLOGG CO.. Jersey City New Jersey. or its European Represe 
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Houdry Cases Ready for Shipment by Rail 


SUN SHIPBUILDING 











Builders of 


Fractionating Towers 
Pressure Vessels 
and other 


Special Built Oil 


Refining Equipment 
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Tanker and Cargo Ships 





Steam or Diesel 


Always Distinctive 





U. S. T. S. CIMMARON 


COMPANY, 





Chester, 


All Sizes -- Any Speeds 


Pa. 





slot Specialists 


UP-TO-THE-MINUTE MACHINERY ° Accurate gauges, jigs and fix- 


tures assure quality products. Precision machining is a by-word at 
the Darling plant... just as Darling is the “buy-word” wherever qual- 
ity gate valves are used. 


BACKED BY 50 YEARS’ EXPERIENCE. Every Darling Valve is built with 


the specialist's eye for design and performance .. . with the crafts- 


man’s pride in his work. Get the benefit of this specialized experience. 
Specify Darling! 


DARLING VALVE & MANUFACTURING COMPANY 


DARLING oe 


Representatives in: 


| NEW YORK MC PHERSON, KAN. HOUSTON | 
PHILADELPHIA PITTSBURGH TOLEDO EVANSTON, ILL. 











Steam cylinders designed for 400 


maximum diameter fluid pistons— 3000 





pounds maximum pressure — 8” 


pounds working pressure fluid end—6000 


pounds test pressure. 


Improved Gardner-Denver divided 


SMOOTH 


fluid end—large, smooth suction 


RUNNING 





manifold—streamlined with long 
radius, large area fluid passages into the valve 
pots, assuring less fluid friction, quicker fill- 


ing and making higher suction lifts possible. 


practically noiseless—see these pumps in op- 


New enclosed roller bearing steam 


valve gear with telescopic levers is 


eration and you will agree that they are the 


smoothest and quietest pumps built to date. 


These pumps have Gardner-Denver 
“SLUSH PROOF” rods, liners and 
pistons—field-proved Gardner- 
“SLUSH PROOF” 


Fluid cylinders are of ““GarDurloy,” a special 


LONG- 


LIVED 





Denver duo-seat valves. 
alloy iron of high tensile strength—extremely 

ANY resistant to pressure and to the abrasive action 
of slush—all features which contribute to a 
long life of economical, dependable operation. 
For complete information write Gardner- 


Denver Company, Quincy, Illinois. 
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GARDNER-DENVER 14x14 DRILLING ENGINE FOR 
HEAVY-DUTY SERVICE 


Rugged and powerful 








enough to drive the 
largest of present-day 
drilling equipment. 


il {HM l iit 
see Tall 


Economical in op- 
erating and upkeep 
costs because of high 
steam efficiency — en- 
closed construction 
to keep dirtand sludge 
out—fewer moving 
parts to wear—and 


forced oiling to all 





essential bearings. 











SPECIFICATIONS GARDNER-DENVER 
20” STEAM SLUSH PUMP 








SIZE Maximum | Maximum Fluid Pressure 
: Steam Pressure | with Master Liners 
154% x 8x 20 400 | 1100 
164% x 8 x 20 400 1200 
18 x8x 20 400 1400 
20 x8x20 250 | 1100 














All sizes may be furnished with reduced sizes of liners and 
pistons for higher pressures. 
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DALLAS * HOUSTON « TULSA ®» ST. LOUIS « LOS ANGELES * SAN FRANCISCO 
NEW YORK « CHICAGO « PITTSBURGH 
EXPORT DISTRIBUTOR: THE CONTINENTAL-EMSCO CO., 
30 ROCKEFELLER PLAZA, NEW YORK, N., Y. 


INC., 











For the production of 
High Octane Gasoline 


LKYLATIO?) 


90 per cent of the product of 


sulfuric acid catalytic alkylation is 
90-92 octane C.F.R.M. 





Foster Wheeler will contract for 
complete alkylation plants, including 
designs, fabrication and construction. 


Installation and operation are 
much lower than with previous 
systems. 


FOSTER WHEELER CORPORATION 


Ww! FOSTER 














POLYMERIZATION 





. , ' : 
. Di Breer, yom 


Catalytic Polymerization provides 





an increased yield of high octane 





”) REMOVAL © gasoline without increasing crude 
GAS AND LIQUID PHASES : 
consumption. 

Complete processes for the inex- 

ensive removal of hydrogen sul- ° ° 
ti —by weaning aie The large polymerization plants 
sium phosphate—are included in 
these new polymerization plants. now under construction are by 


Foster Wheeler. 


N 165 BROADWAY, NEW YORK, N.Y. 
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INTERNATIONAL 
PETROLEUM 
COMPANY 


LIMITED 














EXECUTIVE OFFICES 


TORONTO, CANADA 


CANR™ 


Producers, Retfiners, Distributors, 

and Marketers of Petroleum 

and Petroleum Products in the 
Republic of Peru 


Distribution and Marketing 

Facilities at all Important Points 

on the West Coast of South 
America 
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HUGE BUTANE TOWER 
—measuring 144'-734" 
in length by 10'-0" in | 
diam., wei Poe about |? 
115 tons. This photo- 
graph shows the record- 
size tower in one of the 
stages of being erected. 
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f ow huge pressure vessel, towering 
nearly 145 feet into the sky, was built 
for one of America’s great refineries by 
A. O. Smith. In size it is typical of other pres- 
sure vessels now under construction in the 
Smith plant—some of them with diameters 
as great as 18 and 20 feet. Many of these 
vessels are completely finished in the Smith 
plant; some are built in sections and shipped 
knocked-down for erection in the field. 
Many are Smithlined with various alloys for 
different service requirements. 

The petroleum refining industry turns to 
Smith for a large portion of its pressure 
vessels, because Smith’s facilities for the 
construction of such vessels are unequaled 
...and because the Smith method of dealing 
with corrosion problems individually has 
proved to be the most satisfactory. 

A. O. Smith Corporation, Milwaukee, 
Wisconsin. Offices at: New York, Pitts- 
burgh, Chicago, Tulsa, Dallas, Shreveport, 
Houston, Corpus Christi, Los Angeles. 


i SE 
} \ ’ P 

DID YOU KNOW? 
@ A. O. Smith, founded in 1874, is the largest producer 
in the world of big, single-piece, glass-lined tanks. 
@ Brewery stock houses, equipped with glass, are now 
far more economical because of Smith contributions. 
@ Among these contributions is the Smith blue glass— 
smooth and lustrous, simplifying cleaning—the ulti- 
mate in sanitation. 
@ 5000 Smith craftsmen, in an ultramodern 125-acre 
plant, produce 50 million pounds of steel products 
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A BASICALLY 
SOUND PROCESS 


For sixteen years the Gray Clay Treat- 
ing Process has been used by refiners 
to treat naphthas produced from different 
cracking processes. Operating records 
prove it sufficiently flexible to handle 


any variations in cracking conditions. 


Equipment required is of simple con- 
struction. Installation cost is moderate. 
Adsorbent cost is low. Operation entails 
a minimum of attention. Maintenance 


is negligible. 


Refiners operating units having capac- 
ities ranging from 100 barrels to thou- 
sands of barrels per day, find the Gray 
Process a highly satisfactory method of 
producing at low cost and without loss 
of octane number a stable low gum con- 
tent gasoline. 


THE GRAY PROCESSES CORPORATION 


Licenses granted under United States and Foreign 
Patents by The Gray Processes Corporation 


26 JOURNAL SQUARE - JERSEY CITY, NEW JERSEY 


WVERITVITT 





A REFINING 
PROCESS WITHOUT 
CHEMICALS 


This is an accurate de- 
scription of the Gray 
Process because the un- 
desirable gummy mate- 
rials are removed by 
Polymerization without 
the loss of desirable gas- 
oline or octane rating. 
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=p Will Your Insulation Investment 
M Keep on Paying a FULL Return? 





NSULATION OF ANY KIND is bound to cut operating costs at minimum figures. Check 


fuel costs the first year it’s in service. But it’s these advantages that the proper J-M 
after that time that the real test comes. If the materials, properly applied, bring when- 
insulation is to do a complete job, returns in the ever used: 
orm of fuel savings must continue indefinitely at , 
fi ‘ea > . ; f y @ J-M Block Insulations do not compress 
their initial high rate. 


during application. Thus, you are sure of 
Because Johns-Manville Block Insulations obtaining the full thickness specified. And 
deliver just such savings year in and year out, they do not sag or decrease in thickness 
refineries all over the world rely on them to keep throughout the life of the equipment to 
which they are applied... 





@ Their uniform strength and durability 


aT J h M ' guard against structural damage or im- 
0 nl S ” a n V I e pairment of their insulating effectiveness... 

@ Efficient to begin with, J-M Insulations 

\ D UJ ST ee AL \ S U [ ATI 0) | S maintain their original high insulating effi- 


ciency in service... 


For every temperature... for every service 
Superex ... 85% Magnesia . . . Asbesto-Sponge Felted ated equipment, it will pay you to investi- 
_. . Sil-O-Cel C-22 Brick... JM-20 Brick . . . Sil-O-Cel C-3 gate the complete line of Johns-Manville 


Insulating Materials. For details, write Johns- 
came... Ne. 450 Comments. - SE Manville, 22 E. 40th St., New York, N. Y. 


Before you insulate any heated or refriger- 
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STANDARD-VAC@UM OIL COMPANY 


Producers, refiners, distributors and marketers of pe- 


troleum products. Distribution and marketing facil- 
ities at all important points in the Far East, India, 
Netherlands Indies, Australasia, South and East Africa. 


EXECUTIVE OFFICES - 26 BROADWAY - NEW YORK CITY fF 
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iN Jom THE BIG FAMILY of International of loads, and able to lick the hardest going. 
, Ke owners next time you buy trucks—and enjoy the Depend on Internationals for outstanding ser- 
im\ 14 SN performance and economy these units will give vice at lowest possible cost. Find out all about 
ne 


zit 


you over a long period of years. the types and sizes best suited for your work. 


There’s real satisfaction hauling your loads The nearby International Dealer or Branch will 


-S = = 
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with Internationals. That’s because this organi- give you complete information. Sizes from Half- 


w2 


+ — fol 
< 


zation knows how to build trucks for the tough Ton units up to powerful Six-Wheelers. 


PN el 


work in the oil business—trucks that are all-truck INTERNATIONAL HARVESTER COMPANY 


all the way through, readily adapted to all types 180 North Michigan Avenue Chicago, Illinois 





International Pickup trucks provide fast transportation for a wide 
variety of light-hauling work in the fields and every other branch 
of the industry. 


Above: An International used by Lane-Wells Co., 
Los Angeles, shown on location near Bakersfield 
where the crew was shooting casing. 


Right: Smith Bros., hauling contractors in the Illi- 
nois fields, give their tough jobs to Internationals. 
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In any emergency 


nowledge and experience that are serving 

the refiners of the world so well in normal 
times will be doubly important to this Nation 
in an emergency 


U. O. P.’s organization constitutes a General 
Staff of specialists in important fields including: 


Pyrolytic cracking Alkylation 
Pyrolytic reforming Isomerization 
Catalytic cracking Cyclization 
Catalytic reforming Aromatization 
Polymerization Dehydrogenation 


These processes are used for the production 
of motor fuels, including aviation gasoline of 
highest octane rating, and other products 
Among these are toluene, the base for making 
T. N. T., and butadiene, a base for making 
synthetic rubber 


Universal’s experience and achievements ofa 
quarter of a century and its future develop- 
ments are at the industry’s service to help 
meet any emergency 


Universal Oil Products Co 
Chicago, Illinois 


A Dubbs Cracking Process 


Owner and Licensor 
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12” Stroke Simplex Oil Pressure Testing Pump. 
Forged Steel Pump End. 1,950 Ibs. per sq. in. 


ae 


Below: Type ‘ ‘UT” Two Stage 
Heavy Duty Centrifugal Pump for 
Highly Volatile Liquids. 


18” Stroke Duplex End Packed Oil Charge Power Pump. Forged Steel 
Pump End. 1,150 Ibs. per sq. in. pressure. 


The illustrations show a group of 
Modern Refinery Pumps. Large 
Numbers of these Units are 


Close Clearance Extraction Fump 
with Steam Jacketed Pump End. 


Operating Successfully in all 
Parts of the World, 
Demonstrating that the 








Design, Material and 
Duplex Direct Acting End Packed Workmanship are 
Pressure Feed Pump. 300 Ibs per 


ae of the Highest 
he Standard. 





A Full Range of Specially Designed 
Machines Embodying Every Modern 
Development and many Exclusive Features 
Power Pumps or Direct Acting Steam Pumps 
For Crude Oil, Gas Oil, Heavy Gas Distillate 
and Reflux Residue and Blending Duties for a 

. 12” Stroke Simplex HIVOL Close Clearance Pump. 
both Atmospheric and Vacuum Operation at . High Volumetric Efficiency with Highly Volatile Liquids 
Highest Pressures and-Temperatures, Rotary Gear 4 ee | | 
Pumps with Double Helical ‘Rotors. Steam Jet Air : | feats 


Ejectors, De-waxing and Heat Exchange Auxiliaries 









THE SERVICE OF OUR ENGINEERS : SPECIALISTS IN 







DEALING WITH THE EXACTING REQUIREMENTS OF 
OIL PUMPING PROBLEMS : ARE AT YOUR BIN TONNE 


18” Stroke Simplex HIVOL Clos 
Clearance Pump 
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ANALYSES 


OF STEEL 


WE OFFER THE WIDEST 
AVAILABLE SELECTION OF 
REFINERY TUBE ANALYSES. 


LOW CARBON 2 CR., Yo MOLY., 1% SIL 
LOW CARBON, 2 MOLY. 2¥2 CR., Yo MOLY., % SIL. 
1% SIL., V2 MOLY. 2% CR., 1 MOLY 

LOW CARBON, 1 MOLY. 3 CR., Yo MOLY., 1% SIL 
1% CR., Y2 MOLY. 3 CR., 1 MOLY. 

1 CR., Y2 MOLY., 11% SIL. 5 CR., Y2 MOLY. 

1% CR., ¥%4 MOLY. (Bain Alloy) 5 CR., Y2 MOLY., 1¥2 SIL. 

2 CR., V2 MOLY. 5 CR., Y2 MOLY., TITANIUM 
18-8 COLUMBIUM 5 CR., Y2MOLY., COLUMBIUM 
25 CR., 20 NICKEL 18-8 


18-8, TITANIUM 


FOR 
STILL TUBES 
REFINERY PIPING 
CONDENSER TUBES 
HEAT-EXCHANGER TUBES 








ONE SOURCE OF SUPPLY 
FOR 


U-S-S HIGH TENSILE STEELS, ABRASION 
RESISTING STEELS, ALLOY, HIGH SPEED 
AND TOOL STEELS, SHEET STEEL PROD- 
UCTS, WIRE AND WIRE PRODUCTS, TRACK- 
WORK, OIL COUNTRY GOODS, ROLLED 
AND FORGED PRODUCTS, “UNAFLO” OIL 
™ om = =6©WELL CEMENT. 


| eae i doe 
STEEL FOR EVERY PURPOSE EVERYWHERE 
THROUGH ONE SOURCE OF SUPPLY 


UNITED STATES STEEL EXPORT COMPANY 


30 CHURCH STREET, NEW YORK, U. S. Ag 


Cable Address: “STEELMAKER,” New Y« 
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One of a number of High Octane Gasoline Crude Combination Polyform Units built by Lummus 
during the last 5 years. These plants give regular 2,000 hour runs without difficulty from coke formation. 











Under the patents of the Gulf Oil Corporation and Phillips Petroleum Com- 
pany, Lummus designs, builds and licenses Polyform and Gas Reversion 
units which include the conversion of propanes and butanes with cracking 
stocks into high octane gasoline. These plants are characterized by excel- 
lent yields. Eleven of these units, with a total throughput of 61,000 
barrels per day of oil, naphtha, outside propanes and butanes, are in 
commercial operation with established practice of over 5 years. Two more, 
charging 18,000 barrels per day of naphtha, outside propanes and 
butanes are now under construction. Complete information upon request. 


THE LUMMUS COMPANY, 420 Lexington Avenue, NEW YORK, N. Y. 
600 SOUTH MICHIGAN AVENUE, CHICAGO, ILL. - 411 WEST FIFTH STREET, LOS ANGELES, CAL. © 3028 WROXTON AVENUE, HOUSTON, TEXAS 
BUSH HOUSE, ALDWYCH, LONDON, W. C.2 - FLORIDA 671, BUENOS AIRES, ARGENTINA 
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THROUGHOUT its history the refining industry 
has been a willing instrument of public service. While 
developing its own facilities, discovering new pro- 
cesses and finding new uses for its products it has 
revolutionized the world’s systems of transportation, 
has made possible the creation of vast new industries 
and has served as the most important and most 
practical force for petroleum conservation. 

For many years the most urgent problem confront- 
ing the refiner was to provide increasing quantities of 
fuel demanded by the swift expansion of the motor 
age. As the requirements doubled and trebled heavy 
inroads were made upon existing oil reserves and the 
possibility of their early exhaustion became an alarm- 
ing one. Then came the cracking process by which the 
recovery of gasoline from a barrel of crude was 
doubled within the space of a few years. In 1900 it 
was possible to recover 5.4 gallons of gasoline from a 
42-gallon barrel of crude. By 1920, when cracking 
systems were just coming into use, the recovery of 
gasoline had increased to 10.8 gallons. Today it is 
possible to convert into motor fuel more than half 
the volume of crude and the search for further im- 
provement is still going on. Except for the develop- 
ment of this process it would require over 4,400,- 
000,000 barrels of crude to satisfy the yearly world 
demand for gasoline instead of the 2,200,000,000 
barrels actually used. 

Not all other conservation forces combined, can 
begin to approach this record for preserving natural 
deposits of petroleum for future use. 

Along with this remarkable achievement has gone a 
great improvement in the quality of motor fuels and 
lubricants so that the performance of internal com- 
bustion engines is beyond comparison with those of a 
quarter century ago. Along with it has gone also a 
vast multiplication of useful products evolved by 
progress in the refining art and a truly remarkable 
advance in the utilization of former waste products. 

Discussing the trend of the refining art in these 
Pages two years ago attention was directed to the 
change then taking place in refining activities and 
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particularly in its research to which more and more 
attention was being directed year by year. As was 
stated then emphasis was being placed on the pro- 
cessing side of the industry as the one showing great- 
est possibilities of advancement. 

Today the work of these past years, work on which 
the oil industry unaided has spent hundreds of 
millions of dollars, is bearing fruit of inestimable 
value. In the great work of national defense oil plays 
a vital part, no less than the planes, ships and arma- 
ment which would be useless without it. As usual the 
oil industry is prepared. It was ready to supply the 
products required for national preparedness when the 
call came and to start instantly on the expansion of 
facilities to increase its output of such products to any 
extent necessary. 

Not only is the industry equipped to function 
efficiently in the provision of its customary products 
such as aviation fuel, lubricants, gasoline and fuel oil, 
but it is being called upon and already is on the way 
to providing products such as synthetic rubber which 
might be unobtainable from customary sources in the 
event of war and also explosives and other chemical 
supplies essential to military operations. Should war 
be forced upon the United States the petroleum 
industry would play a far greater part in defending 
the nation and in making it powerful on offense than 
it did in the days of 1917-18. 

For this fortunate position all credit is due to the 
army of petroleum chemists, engineers and other 
research workers who have labored in past years and 
are working even more assiduously now to discover 
and bring to practical utility new forces contained 
within that magic substance, oil, to raise the quality 
and efficiency of its regular products, to utilize former 
wastes and to contribute added strength to other 
industries outside their own immediate sphere. Like 
credit must go also to the management of American 
oil companies for appreciating the value of such 
research and experimentation and providing the 
means for keeping it steadily in operation against the 
time of need which is now arriving. 











ADVISORY COMMISSION Fings nj 


Immediate Refining Problems 


Only Proposals Initiated by Pri- 
vate Concerns Are Actually Being 
Realized—Government Agencies 
Continue Studies Bat Anticipate 
No Major Construction for Oil 


Other Than Military Storage. 


WASHINGTON, D. C 

In the opinion of the National Defense 
Advisory Commission the refining of petro- 
leum and its products offers no immediate 
problems in meeting both the developing 
requirements of the Army and Navy and the 
normal additions to civilian consumption. 

Only in the matter of long-range planning, 
which looks towards an increase in the 
capacity for production of 100-octane aviation 
gasoline and the requirements occasioned by 
the projected two-ocean navy does any large 
scale expansion of refining facilities enter into 
the present picture if exception is made of 
several experimental projects. 

These include the development of butadiene 
for use in making synthetic rubber, of tuluol 
or toluene, essential in the manufacture of the 
highly important explosive TNT and a pro- 
ject to standardize the grades of lubricating 
oils to simplify the Army’s transport prob- 
lems. 

In the confusion which has accompanied 
the sudden efforts to coordinate the sprawling 
procurement plans of the Army and Navy, 
none of the proposals, expect where carried 
out by private initiative, has gone beyond the 
conference stage although one contract for 
plant installation by the Humble Oil Com- 
pany of Texas for the manufacture of toluol 
has been drawn by the Ordnance Bureau of 
the War Department, but thus far remains 
unsigned despite approval by the Defense 
Commission. 

Whether the government, through the 
Defense Plants Corporation, established by 
the Reconstruction Finance Corporation, 
decides, on the basis of plans now under 
discussion by interested groups, to undertake 
the financing of synthetic rubber on a large 
scale is conjectural. Apparently, the intention 
for the present at least, is to await the results 
of projects now under way which were origi- 
nated and are being developed by private 
initiative. 

Among these are the plant of Hydrocarbon 
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Chemical and Rubber Company, joint enter- 
prise of Phillips Petroleum Company and 
Goodrich Rubber Company and the unit in- 
stalled by Standard Oil Company of Louis- 
iana at its Baton Rouge refinery. The whole 
question of synthetic rubber production is 
one that representatives of the government 
are watching carefully. It is realized that con- 
ditions may arise which will make it neces- 
sary for the government to undertake a 
major effort in this field. 

To date nothing definite has been worked 
out in the Reconstruction Finance Corpora- 
tion discussions although Federal Loan 
Administrator Jesse H. Jones recently ob- 
served that he guessed the government 
probably would have to act on the matter. 
Also heading up in the R. F. C. is the project 
to provide large and _ widely-distributed 
storage facilities for aviation gas and other 
motor fuel which the Army, Navy and 
Defense Commission hold should be given 
priority over other oil developments in which 
the government may be expected to take a 
hand. The storage financing project also is in 
the hands of Administrator Jones. 

Although toluene was one of the bottle- 
necks of the last war, E. R. Stettinius, Jr., 
in charge of the Industrial Materials Division 
of the Defense Commission, is convinced that 
‘“‘our present position is in sharp contrast with 
the situation then prevailing.’’ His opinion 
is based on a study made by the commission 
in conjunction with the Army and Navy. 

The study showed that present commercial 
needs of toluene for paints, lacquers, and 
other material can be met by recovery from 
by-product coke-ovens (see page 88) and that 
experimental production of toluene from 
petroleum indicates an ‘‘entirely practical 
source of supply’’. 


“Large volumes,” continued the report, 
“can be made available in a relatively short 
time by the installation of additional recov- 
ery equipment. The regular commercial 
needs now can easily be met by recovery 
from by product coke-ovens, and the 
petroleum industry will be able to produce 
more than enough for expected military 
purposes.” 


Two new toluol plants are under con- 
struction and a large expansion of production 
can be provided on relatively short notice. 
Domestic demand which absorbs over two- 
thirds of the entire production in the United 
States is customarily relatively stable and no 
significant increases are currently in prospect. 
Foreign demand has shown a tendency to 
decline as important European markets have 
been shut off by the war. 

In 1939, approximately 25,000,000 gal. of 
toluene were produced in the United States. 
Since activity in the steel industry began to 
expand last fall, production of toluene from 
coke-ovens has increased. 








“Of the two methods of getting by- 
product toluene from petroleum,’ said the 
report, “‘the more important is the recover | 
in the production of high-octane gasoline 
It is estimated that supplies can be made 
available by this method at costs compgy. 
able to those prevailing at the coke-oveng” | 


The second and more costly method, which 
could be used, if emergency conditions rp. 
quires it, involve the “cracking” of othe 
petroleum products. Experimental production 
of toluene from petroleum has indicated tha 
this is an entirely practical source of supply 
and that large volumes can be made available 
in a short time by the installation of adgj. 
tional recovery equipment. 


“During the first world war, capacity for 
the production of toluene was nearly 
doubled, increasing from 12,000,000 gal, in 
1917 to an estimated 23,000,000 gal, by 
December 1, 1918. At that time nearly haji 
of the supply came from water gas plants, 
Since then these facilities have been rp. 
duced substantially, but capacity at by- 
product coke-ovens has nearly tripled. 

‘As a few months’ time is required to jp. 
stall recovery and purification equipment 
at petroleum refineries, it is recommended 
that a ‘stock pile’ of toluene be acquired 
in order to prevent the possibility of tem. 
porary shortage in this very essential ray 
material. Plans should be formulated to 
provide necessary quantities of toluene 
through the collaboration of the petroleum 
industry and the operators of by-product 
coke-ovens and water gas plants. Supplies 
for some time can be made available 
through existing facilities and as military 
needs expand additional capacity will be 
brought into use.” 





The Defense Commission estimates that 
major war effort would require no more ai 
than the amount which would constitute the 
two-year increase in ordinary domestic r | 
quirements. For that reason the ability of the 
refining phase of the industry to cope with the 
developing situation is not questioned. Any 
increase, if undertaken, will be in the facil 
ties for the production of aviation gas ani 
alterations which may be required to supply 
fleets in both the Atlantic and Pacific oceans. 
Both steps are envisioned here but neither i: 
in the prospectus stage due to the uncertait- 
ties regarding the requirements of the ai 
forces and the Army’s mechanization on one 
hand and the Navy’s plans for fueling its 
expanded fleet on the other, which, after alli’ 
a contingency to be met in future year 
While the Navy has requisitioned sever 
tankers recently this does not necessafilj 
signify an early increase in its fuel requitt 
ments. Some increased demand will accom: 
pany the building up of storage. 

A serious effort will be made to standardiz 
lubricating oils and simplify war departmet! 
specifications for greasing its motoriz 
equipment. Both Army officers and th 
Defense Commission experts recognize thi! 
the service of supply cannot be encumber 
by transporting many different types of # 
and lubricating oils and attain the spe 
deemed essential to modern motorized fore 
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Catalytic Hydrogenation Provides Low Cost 


AVIATION GASOLINE 


By E. V. Murphree and 
Standard Oil 
Development Co. 


Cowmerctat production of a variety of 
petroleum products by hydrogenation has 
now been well established. The high pressure 
process has been applied in the manufacture 
of aviation and motor fuels, lubricating oils, 
kerosenes and solvents. Commercial hydro- 
genation has been practiced at refineries 
located at Baton Rouge, Louisiana; Bayway, 
New Jersey; Port Arthur, Texas; Richmond, 
California; and Whiting, Indiana. Abroad 
plants hydrogenating petroleum have oper- 
ated at Abadan, Iran; Pernis, The Nether- 
lands; Livorno and Bari, Italy; and Aruba, 
N.W.I. 

Coal hydrogenation operations and the 
products directly obtained therefrom differ 
from those secured by petroleum hydro- 
genation as described in this paper. Hydro- 
genation of coal may be carried out, however, 
to give intermediate hydrocarbon oils similar 
to the petroleum fractions described as feed 
stocks herein. These intermediate fractions 
require further hydrogenation to produce 
engine fuels. The overall cost for coal hydro- 
enation is, of course, of a higher order of 


F. T. Barr 


Esso Laboratories 
Standard Oil Development Co. 


magnitude than for comparable petroleum 
hydrogenation operations. 

Of the various applications of hydro- 
genation, the manufacture of fuels—motor, 
aviation, Diesel and blendings agents—is of 
particular interest, because of the large re- 


Above, 
section of the 
Baton Rouge 
hydrogenation 
with 
compressor 


north 


plant 


house in fore- 
ground, con- 
verter stalls in 
right back- 
ground. Right, 
close up view 
of the converter 
stalls. 


quirements for these products and because 
of their particular utility at the present time. 
Hydrogenation has been adapted to the 
manufacture of fuels for internal combustion 
engines as follows: 


(1) High octane number aviation gaso- 
line from kerosene and gas oil fractions. 

(2) Aviation blending agents by satura- 
tion of branched chain polymers. 

(3) Motor fuels from cracked or virgin 
gas oils. 

(4) High-grade Diesel fuels from low- 
quality gas oils. 

(5) High flash safety fuels of high octane 
number. 

(6) Refined (or “‘hydrofined’’) gasolines 
of low sulfur and high stability from high 
sulfur, unstable naphthas. 



















































This article will be concerned only with the 
production of fuels by hydrogenation and will 
cover in detail only the first four of the above 
items. No commercial application of hydro- 
fining has been made and the use of safety 
fuels by the aircraft industry is yet in the 
development stage. The other options listed 
above are established processes. 


The hydrogenation process has already 
been described to WORLD PETROLEUM readers 
(Brown and Gohr, ‘‘Production of Aviation 
Fuels by Pressure Hydrogenation’’, Annual 
Refinery Issue, page 49, 1937). For conven- 


Flow plan of the hydrogenation section. 


ience of the reader there are given here- 
with self-explanatory flow diagrams of the 
hydrogen-producing process and the hydro- 
genation plant. Flexibility of the hydrogena- 
tion process is such that all the above applica- 
tions may be carried out in the same equip- 


Flow plan of the hydrogen producing unit. 
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ment. Different catalyst and operating ¢op. 
ditions to suit the process are the only changes 
required. 

Hydrogen is produced from natural o 
refinery gas by reactions exemplified by the 
chemical equation 

CH,+H.,0=CO+3H, 
which takes place in the reformer furnace 
and 

CO+H,.0=CO,+H, 
which occurs in the converter. The (0, 
(carbon dioxide) is removed from the hydro. 
gen by an alkaline scrubbing agent, and the 
purified gas, ordinarily about 95 percey 
hydrogen, is compressed to 200 atms. (abou 
3,000 Ibs.) for charging to the hydrogenatioy 
unit. 

Oil feed and recycled hydrogen are charged 
to the high pressure unit by means of high 
pressure feed pumps and recycle gas booste 
compressors. The oil-hydrogen mixture js 
conducted through appropriate heat transfer 
equipment and furnaces for obtaining desirej 
temperature conditions and is then passed 
through catalyst contained in the high 
pressure reactor. The progress of the hydro. 
genation reaction, which involves the evoly. 
tion of a considerable amount of heat, is cop. 
trolled by maintaining the proper temper. 
tures through introduction of cold hydrogen 
or ‘‘recycle’”’ gas, at a number of points in the 
reactor. The oil-gas mixture is then cooled 
and separated at high pressure, the gas being 
returned for recycling and the oil sent to the 
product handling equipment. 


Aviation gasoline is manufactured from 
low-grade virgin kerosene fractions using a 
catalyst developed to give high octane 
naphtha. The hydrogenated material boiling 
too high for inclusion in aviation gasoline 
may be continuously recycled so that all the 
fresh feed is ultimately converted into avia- 
tion naphtha and light gases. Operation can 
be carried out to give 50-75 percent conver 
sion per pass and yields of 80-95 percent on 
feed. 

Besides inducing the addition of hydrogen, 
the catalyst used in this application of 
hydrogenation possesses the ability to split 
the relatively large kerosene molecules into 
the smaller hydrocarbons suitable for in- 
clusion in aviation gasoline. The catalyst, 
moreover, rearranges such molecules 
would otherwise give low octane number, 
that is, the long straight-chain or slightly 
branched hydrocarbons, to produce satur 
ated, bunched molecules of the type whieh 
show desirable anti-knock properties. 

Hydrogenation will not produce high 
octane gasoline from all feed stocks. A variety 
of stocks which are suitable is available, hov- 
ever. Such stocks are generally high in naph- 
thenic constituents and to some extent it 
aromatics. A highly aromatic feed is no 
undesirable so far as the characteristics of the 
products are concerned, but during the 
hydrogenation process the aromatic constit- 
uents are changed largely to saturated cyclit 
compounds and a high (by American stan¢- 
ards) amount of hydrogen is required. 
Aviation fuel specifications are such that 
they are not easily met by thermally cracked 
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Nges aviation fuels have heretofore been prepared 
by distillation of selected crudes. Although 
1 or hydrogenation feed stocks must also be 





the selected, their availability is by no means as 
limited. Consequently, hydrogenation pro- 































































































































































































vides a commercial means of producing 
am, additional quantities of aviation gasoline and 96 ar a 4 
at relatively low cost. Other catalytic eS ws a 
CO processes for making aviation gasoline, such ee er 
d 2 as catalytic cracking and catalytic reforming, - fe 
A . have recently been developed. The relative Pe oat 
‘ economic position of the various processes 2 
ree depends largely on the particular situation 2 ‘. 
: involved. z r 
ation ~~ ee 
TABLE I. 8 
arged ‘. 
high Feed and Product Inspections for Aviation 
Naphtha Production by Recycle Hydro- 
roster genation of a Virgin Kerosene from 
re js Venezuelan Crude 
insfer | FEED ge 
. sravity. deg. A. P. I. 33.4 
eSired . por hy rend deg. F. So 
Sulfur. reent s 
assed Calor, Saybolt , dinans 
high Neutralization No. (Mg. KOH /gal. oil) .. i. m4 
y dro- a daw. F. Below -25 ' “ 3 4 5 6 ? 8 3 0 
Tag Flash, deg. F. 135 CC TETRAETHYL LEAD PER U.S. GALLON 
Volu- Dist ——. > _ 
$ con- ae ; 2392 Above, increase in octane number on addition of tetraethyl lead to hydrogenated aviation 
1pera- mene —_ gasoline. Below, ASTM octane number versus boiling range for hydrogenated aviation 
rogen Final, deg. F. 572 gasoline. 
in the we ey ; 65.4 100 
cooled ye aby aoe deg. F. ist ON 
being } — percent — 
to the Cu Dish Corrosion eae » 
Cu Dish Gum, Mg. /100ce. 2 10 CC T.E.L. PER U.S. GALLON 
Glass Dish Gum ‘ 1 96 
Army Accelerated Gum. 2 %.° » 
Bromine No., g./100 g. oil 1 
from Acid Heat, ASTM, deg. F. 2 Nn 
“ Breakdown Time, Hrs... . +24 a O 
sing ry | _— hen ee Ibs. ow Pres 
ane ‘o., A- r . 0. 
yetane Distillation ie 92 7 PD Oo 
oye itial, deg. fF. ° . ; 
roiling Percent (158 deg. F . 21.5 ac, ane 2 Teal 
ssoline -aee...... 38.3 jo-o—~ mee 
212 deg. F. 66.0 TOA 
all the ae 282 6 CC T.E.L. PER U.S. GALLON Ba c= ae 
) avia- Recovery, percent tne seesesecesceees 98.0 88 * 
Sum of 10 +50 percent. dist. temp... ..... 343 oN 
Mn can \ Freezing Point, deg. F......... Below —76 deg. F- « ‘ ne) 
onver- ; ud pets 
ent on The properties of a typical feed stock and 2 — 
the aviation gasoline commercially produced > 84 me 
Lrogen, therefrom are shown in Table I. This feed = OCTANE RATINGS MADE ON 10 PER 
‘on of | showed by analysis a composition of about wy CENT FRACTIONS OF GASOLINE 
o split 52 percent naphthenes, 41 percent paraffins <: QQ 
9g into and six percent aromatics. The octane num- © 80 
‘or it: ber of the hydrogenated product is higher o 
talyst, than available in the best natural naphthas a re) 
les 28 obtainable on a reasonably large scale for oO . 
umber,|  2Viation fuels (72-75 ASTM), and the hydro- 76 be. 
lightly | genated naphtha has a lead susceptibility at = es 
satur- least as good, as is shown in Table II. On this - ' 
which account hydrogenated naphthas serve as a n” Pita — 
| superior base stock in the preparation of 100 < 72 i 
, high octane number fuels, and high octane num- So 
variety bers can be obtained by simple lead addition. 
e, how The octane number and lead susceptibility of Po 
, naph-‘ hydrogenated naphthas show up well when a os 
tent it rated by methods other than. the ASTM, as is > 
is not seen from the chart which shows octane num- ae 
s of the ber vs. lead content on a sample tested by the 64 Oo Ree 
ng the U. S. Army Air Corps method of determina- — 
nonstit- tion as well as the ASTM. Preliminary test- oO 
d cyclic ing of hydrogenated naphthas in super- 
- stand: charged engines also shows them to be of high 60 
quired.  2ti-knock quality. 140 160 180 200 220 240 260 8 
ch that ASTM octane number and lead suscept- BOILING POINT = ni 
cracked ibility ratings have been determined for 
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narrow cuts of hydrogenated aviation naph- 
tha. Data showing the relation of boiling range 
to octane number are plotted on the chart. 
These indicate that the highest anti-knock 
constituents are contained in the low boiling 
fractions. The presence of branched chain 
and naphthenic hydrocarbons is indicated 
by the octane number of the fractions boiling 
in the n-hexane range (77 ASTM at the 160 
deg. F. boiling point), which is considerably 
higher than that of n-hexane (35 ASTM). 
Octane number of the lowest boiling fraction 
is not shown since this boils largely in the 
range of isopentane (93 deg. F.) and presents 
difficulty in the determination of octane 
number. In blends with a standard reference 
fuel of 65 octane number the light fraction 
shows clear octane number blending values 
of about 90 ASTM. 


TABLE Il. 
Tetraethyl Lead Susceptibility of Hydrogena- 
ted and Natural Aviation Fuels 


A.S.T.M. Octane Number 





Natural 


Hydrogenated 
Aviation Aviation 
Fuel Fuel 
Ce. Lead /Gal. 
Se 76. 74.1 
3 90.5 88.6 
6 95.2 93.2 
10 98.7 97.0 


The exceptional stability under storage 
which is typical of hydrogenated aviation 
naphthas is indicated by the low gum and 
acid heat determinations. In these and other 
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Hydrogen producing units at the 
Baton Rouge hydrogenation plant. 


characteristics relating to storage stability, 
as shown in Table I, hydrogenated fuels 
resemble the best virgin distillates. The 
sulfur contents of hydrogenated aviation 
naphthas are lower than aviation gasoline 
specifications, the sulfur in the feed stock 
being almost completely converted to hydro- 
gen sulfide in the process, with the result that 
only a caustic wash or light sweetening is 
required to finish the product. 


TABLE IIL. 


Inspections of Hydrogenated Dimer and 
Hydrogenated Codimer 


Hydrogenated Hydrogenated 


dimer Codimer 

Gravity, deg. A.P.I. 70.9 67.6 
Color, Saybolt...... +30 +30 
Copper Dish Gum, 

mgs. /100 cc. 0.9 0.5 
Copper Dish Corrosion. . Pass Pass 
Doctor ‘ Pass Pass 
Percent Sulfur 0.004 0.006 
Acid Heat, deg. F. 2 1 


Bromine No., ¢/100 2. . ; 3 1 


Breakdown Time, Hrs. +24 +24 
A.S.T.M.-C.F.R. Octane No. 99 96.5 
Reid Vapor Pressure @ 100 
deg. F., Lbs... sabato 2.8 2.8 
A.S.T.M. Distillation 
eS See erreree 178 161 
10 percent. impen 207 213 
SS Pree reer 211 222 
SO powoemt...........:. 212 224 
, j  ”” Reerrrreeee 213 227 
90 percent........... 216 231 
PIR os cc vesass 223 234 
Ns MNS nso cccecciee 249 243 
Recover, percent....... 98.0 98.0 


The hydrocarbon gases produced are also 
of interest. The butane fraction is primarily 
isobutane and constitutes a potential source 
of isobutane for alkylation. Likewise, the 
pentane fraction contains little n-pentane and 
can be employed to advantage in premium 
grade aviation fuels. 


High Octane Aviation Blending Agenj, 
are currently produced by several of the 
major oil companies in the United State, 
and abroad by high pressure hydrogenation, 
Both commercial isooctane and “hydro. 
codimer” are produced for this purpose. 
Isooctane results from hydrogenation of the 








dimer produced in the polymerization of igo. | 


butylene, while hydrocodimer is many. 
factured by hydrogenation of the dime 
product in  cross-polymerization of igo. 
butylene with normal butylene. Under wel). 
controlled conditions, yields of hydrogenated 
dimer or codimer amount to 100 percent o; 
more by volume on hydrogenation feed, 
These blending agents are highly stable, 
similar to hydrogenated aviation naphthas, 
The octane number of commercial isooctane 
produced by hydrogenation will in genera] be 
somewhat higher than that of the hydm 
codimer. In view of the consumption of only 
half the amount of isobutylene in the manv- 
facture of hydro-codimer, however, use of the 
latter allows the production of roughly twice 
the amount of blending agent, since igo. 
butylene is ordinarily the starting materia] 
available in smallest amounts. Typical jn- 
spections of hydrogenated dimer and codimer 
are shown in Table III. The octane number of 
the isooctane runs about 98-100 ASTM and of 
the hydrocodimer from 3-5 points lower. 


TABLE IV. 


Properties of Super-Aviation Fuel Prepared by 
Blending Isopentane with Hydrogenated 
Dimer and Adding 3.0 ec. of Lead per 

U. S. Gallon. 


A.P.1. Gravity. . . 


Color, Saybolt (unleaded)......... 30 
Copper Dish Corrosion............ ‘ Passes 
Copper Dish Gum, Mg. /100 ce... Nil 
Doctor Test........... Passes 
A.S.T.M. Acid Heat, deg. F....... 2 
Sulfur, percent...... or 0.015 
Reid Vapor Pressure, Lbs. /Sq. In. 5.8 
Army Accelerated Gum, Mg..... 2 
A.S.T.M. Octane No... .. . 97 +3.00cc.* 
Distillation— 
Initial B. P., deg. F. . : 108 
Percent Distillate + Loss@ 
167 deg. F.... ans ee 12.5 
i 66 505.0:08 88 50.0 
230 deg. F.. — = ike 97.5 
Fimal B. P., deg. F............ ‘ 239 


*97 O. N. primary reference fuel +3.0 cc. lead per gallon. 


Aviation blending agent of 92 ASTM 
octane number can be prepared by alkyla 
tion. It will be noted that this octane number 
is somewhat lower than that of hydrocodimer. 
In many large refineries an excess of olefines 
exists, so that it is advantageous to poly- 
merize the isobutylene with normal buty- 
lenes and use the excess olefines for alkylation 
with whatever isobutane is available. Thus, 
alkylation and hydrogenation may often be 
economically complementary in the produc- 
tion of high octane aviation blending agents. 

By using hydrogenated aviation naphthas 
as base stocks and hydrogenated polymers as 
blending agents, super fuels with octane 
numbers well over 100 Army rating can be 
obtained with the addition of lead, as shown 
on page 41. Inasmuch as the hydrogenated 
dimers consist of closely related chemical 
compounds of similar boiling points, they do 
not possess the volatility characteristics 
ordinarily required of aviation gasoline. This 
may be corrected by adjusting the volatility 
of the base gasoline or, more easily. by using 
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as blending agent a mixture of the hydro- 
genated dimer with isopentane—which may 
be available from hydrogenation operations 
themselves. The distillation characteristics 
and other properties of a blend prepared in 
this way are shown in Table IV. 


TABLE V. 


Feed and Product Inspections of Motor Gaso- 


lines by Once-Through Hydrogenation. 
Vene- East 
zuelan Texas 
Cycle Coastal Light Virgin 
Gas Virgin Virgin Gas 
oil G.O. GO. Oil 
Stock 
os i .» S61 25.4 36.1 36.5 

Aniline Point. —% F. 81 90 133 157 
istillation, deg. F. 

Diet Bs ies 00 00% 211 257 326 408 
50 percent over.... 465 543 425 520 
Final B. P. .......-- 572 700 533 641 

Sulfur, percent. . 0.060 0.270 0.090 0.131 

enated Motor Gasoline 
aL Gravity ...... 53.4 56.8 58.2 60.4 

Color, Saybolt....... +30 +30 +30 = «+30 

© Dish Gum, 

ae T100 ee 3.5 3.9 2.5 

A. S.T. M. Acid Heat, : 

SS 3 

Sulfur, percent. .... 0.002 0.004 0.003 0.004 

A. 8S. T. M. Octane No. 
ee 73.2 72.0 73.2 63.5 
+l ce. Lead....... 83.2 81.2 81.7 77.5 
id V r Pressure, 

7 1 Seemeagagen 10.8 10.9 8.6 

Distillation, _ 
> t over @ 

Perse dee. ie aetna 12.5 14.0 19.0 11.5 
912 deg.F.......... 318 31.0 34.5 30.5 

Final B. P., deg. F... 401 410 388 390 

Gas Oil 

* P. I. Gravity...... 30.5 31.7 36.1 43.7 

Color, Saybolt....... +20 +20 +30 +25 

Aniline Point, deg. F. 114 137 142 179 

Distillation, deg. F. é 
Initial B. P. ....... 374 309 385 408 
50 percent over .... 451 483 430 490 
SS ® eeeere 545 652 512 587 


High Octane Safety Fuels are prepared by 
hydrogenation of polymers in very much the 
same way as are the aviation blending agents. 
High flash safety fuels have arisen from a 
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need for aviation fuels with vapor pressures 
sufficiently low to minimize the possibility of 
flashing into flame through accidental igni- 
tion. In order to effect this, flash points of 
100 deg. F. or higher are required. This 
specification is met by hydrogenating a 
trimer, or condensation of three butylene 
molecules. Similar boiling range materials 
could, of course, be distilled from natural 


Percent return on 
added investment 
for hydrogenation 
over thermal 
cracking as a 
function of crude 
and fuel oil 


prices. 


BBL. 
1.20 1.30 


Increase in army octane number on addition of 
tetraethyl lead to 100 


gasoline composed of hydropentane, 


number base 
hydro- 


codimer and hydrogenated aviation fuel. 


octane 


naphthas, but there are available no natural 
products which approach the high octane 
desired for this purpose. Hydrogenated 
trimers have octane numbers almost as high 
as the hydrogenated dimer, that from poly- 
merization of isobutylene alone showing 
99-100 ASTM and those from cross-poly- 
merization of isobutylene with normal buty- 
lene 92-96 ASTM octane number. 


TABLE VI. 


Hydrogenation of West 
Crude 


Cracking vs. Texas 


Hydro- 
genation 


Thermal 
Type Operation Cracking 


Overall Yields on Crude 





Gasoline, volume percent 41.3 54.5 
Heating Oil, volume percent 28.7 37.8 
Heavy Fuel Oil, volume per- 
cent. 26.4 9.4* 
Gas, weight percent 3.5* 1.8* 
Runs per 10,000 B/D of Gasoli 
plus 6940 B/D of Heating 
oil 
Crude Consumed, B/D 24.200 18.350 
Fuel Oil Produced, B/D 6,400 
Total Feed to Hydrogenation 10.850 
Inspections 
Gasoline 
Reid Vapor Pressure, Lbs. 
sq. in. 10.0 19.0 
Distillation, percent over 
158 deg. F. 20.7 21.2 
212 deg. F. 43.1 43.5 
257 deg. F 67.9 66.6 
4.S.T.M. Octane No. 69.6 66.0 
C.F.R.-Research (1939) Oc- 
tane No. 74.3 68.4 
ec. Lead to 81.5 C.F.R.R. 
(1939) O. N. 1.5 1.5 
Heating Oil 
Gravity, deg. A. P. I. 32.2 35.8 
Fuel Oil 
Gravity. deg. A.P.1. 9.0 
iscosity, Saybolt Furol 
sec. @ 122 deg. F. 130 


*Consumed to meet operating fuel requirements. 
Motor Gasolines do not require the special 


characteristics of hydrogenation products 
so distinctively as do aviation gasolines. 
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The high degree of stability desired for 
aviation fuels is of less consequence in motor 
fuels and unsaturated hydrocarbons are no 
less suitable than the completely saturated 
molecule obtained by hydrogenation. The 
higher yields, good lead susceptibility and 
lower sulfur product remain as advantage for 
the operation. In Table V are given inspec- 
tions of feed stocks and motor gasolines 
produced therefrom by once-through hydro- 
genation. Conversions were 60 to 80 percent 
by volume on feed, and the total liquid yield 
(gasoline plus gas oil bottoms) was 105-110 
percent. While bottoms might be recycled to 
ultimate yield of gasoline as in the aviation 
gasoline production, their value for use as 
distillate heating oils, Diesel fuels, ete. may 
often be greater than as recycle hydro feed. 
The same types of feed stock are desirable for 
motor gasoline production as for aviation 
gasoline production. However, since lower 
octane number is ordinarily satisfactory, the 
variety of feeds available for motor fuel 
production by hydrogenation is considerably 
increased. 

The fundamental economic advantage of 
the hydrogenation process over other methods 
is that the production of a given quantity of 
refined products requires less crude. This 
results from the better yield obtained because 
of lower gas make, and the absence of coke 
formation or production of heavy bottoms 
which must be disposed of as fuel. Since, 
economically, the crude saving must be 
sufficient to pay for the added cost of manu- 
facturing the product by hydrogenation 
compared with other means of producing the 
same material, hydrogenation is more attrac- 
tive the greater the spread between crude 
cost and heavy fuel value. The upper limit of 
the latter is established by competition with 
coal so that the ultimate economic position 
of hydrogenation may be said to depend on 
the cost and availability of crude. 

Because of the potentially large application 
if used for the manufacture of motor fuel, 
economic study of a process on such a basis 
is of most interest. Comparisons of hydro- 
genation plus thermal cracking with cracking 
only have been published (Russell, Gohr, and 
Voorhies, J. Inst. Petroleum Tech., 21, 347 
(1935). These showed a definite advantage to 
hydrogenation at sufficiently high crude 
price. More recently similar comparison has 
been made taking into account the production 
of distillate heating oils as well as motor gaso- 
line. Set up in this way hydrogenation, 
accompanied by the usual distillation pro- 
cesses and a small amount of naphtha reform- 
ing, can be used without the necessity of 
bringing in any thermal cracking. In Table 
VI a comparison of yields and products ob- 
tained by hydrogenation and by thermal 
cracking, based on the production from West 
Texas crude of about 40 gal. of heating oil for 
every 60 gal. of gasoline, is shown. 

The table shows the extent to which 
hydrogenation saves crude. In this particular 
case the yield of gasoline and heating oil from 
100 gal. of crude is increased from 70 by 
thermal cracking to 92.3 gal. by hydro- 
genation. The economic effect of these rela- 
tions is indicated by combining the operating 
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Interior view of the compres- 
sor house at the Baton Rouge 
hydrogenation plant. 


cost debit for hydrogenation with the crude 
credit and fuel debit, and expressing the 
resulting net saving (or loss) as percent of the 
added investment for hydrogenation over 
that for cracking. Carrying out such calcula- 
tion for various delivered crude prices and 
fuel realizations, and including depreciation 
and other overheads at appropriate rates, 
results in the relation shown on page 41. It will 
be observed from this chart that if a five-year 
payout above depreciation is necessary to 
make the investment of money for a hydro- 
genation plant attractive, a spread of roughly 
30c. per barrel between crude and fuel oil is 
required. During the first six months of 1939, 
the most recent period during which condi- 
tions might be thought normal, the posted 
price plus pipeline charges on West Texas 
crude delivered in the Gulf Coast was $1.075 
per barrel. At the same time fuel oil value at 
the refinery was about $ .75 per barrel. With 
this price structure hydrogenation shows 
about 20 percent return. 


Diesel Fuels are produced by once-through 
hydrogenation of low quality gas oils. 
Gasoline production is secondary, represent- 


ing only a small proportion of the overall 
yield and conversion to 80-90 percent Diesel 
fuel is possible. High-quality Diesel fuels 
require high cetane numbers, low sulfur con- 
tent, and low pour point. Hydrogenation is 
well adapted to obtaining these characteris- 
ties, since it improves the paraffinicity, hydro 
gas oils showing Diesel indices of 60-70, and 
removes nearly all the sulfur from the feed 
stock. To produce the low pour point desired, 
advantage is taken of the low pour of an 
asphaltic base feed stock. 

The present demands for high quality 
Diesel fuels are met by fractionation from 
selected crudes. If, however, these require 
ments increase so that manufacture from 
lower grade stock is necessary, hydrogenation 
will be competitive with solvent extraction 
methods. While hydrogenation has a greater 
investment and higher operating cost than 
solvent extraction, it generally gives some 
what better yields of the paraffinic material 
and is less dependent on the character of the 
feed stock. In addition, the by-products of 
hydrogenation are gasoline and kerosene, 
whereas in extraction a low value cracking 
stock is made. 
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WAR 


Year’s New Processes Illustrate 
Alterations in Trend of Refining 


Technique Arising from World 








Shift to War Economy. 


Purine the past year the petroleum 
refining industry has remained under the 
influence of several major trends. 

One of these influences, of course, is the 
state of war that has been existing in the old 
world, which has obstructed the normal flow 
of trade in petroleum products, and has forced 
radical alterations in the petroleum economics 
of many nations. 

Aside from dislocation of trade, the refinery 
industry has been called upon to reorient 
some of its technology to meet the military 
situation. In the United States this reorient- 
ation has taken the form of greater emphasis 
on high grade fuel for military aviation. 

Defense requirements have brought to the 
fore another exigency, which it seems that the 
petroleum refining industry is in the best 
position to meet, namely, a scarcity of aro- 
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Technological Trends Modified by 
CONDITIONS 


Right: 
naphtha- 
gas 
reversion 
unit of the 
Phillips 
Petroleum 
Company 
at Borger, 
Texas. 
Below, a 
general 
view of 
part of the 
Port 
Arthur 
Texas 
plant 
looking 
northwest. 





matic hydrocarbons that serve as a basis for 
making high explosives such as trinitrotoluol 
(T. N.T.). Heretofore these indespensable 
military requisites have been obtained from 
coal tar, but this source of supply is now seen 
to be too limited. No actual production of 
military toluol has yet been started in this 
country, but a number of refineries are known 
to be actively preparing for this emergency. 
Es Pas Be 

Raw material for high explosives may be 
produced from petroleum in two ways, one of 
which is to fractionate out the aromatic 
hydrocarbons that occur naturally in some 
crudes. Borneo, Roumanian and some Russian 
crudes, for instance, are particularly rich in 
these constituents. Although some domestic 
refineries are marketing special solvents con- 
taining much aromatics, in the United States 
this natural resource is limited, and for mili- 
tary purposes recourse must be had to molec- 
ular rearrangement of petroleum distillates. 
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This is currently being done, not for the pur- 
pose of obtaining military toluol, but as one 
expression of the growing urge to put more 
octanes into gasoline. When severely cracked 
(high temperatures and pressures) naphtha 
molecules, for instance, will be extensively 
fragmented, and the fragments will tend to re- 
unite in the form of cyclic or ring (aromatic) 
compounds, of which toluol is one. These 
cyclic and ring compounds have good anti- 
knock quality and hence aromatization and 
cyclicization of distillates is already a part of 
current refinery technology. To put this tech- 
nology to military use will require control of 
the process so as to favor toluol production 
and suppress the formation of unwanted 
aromatics. From recent patent literature it 
appears that this may be accomplished by a 
selective catalyst such as a mixture of 
chromium and vanadium trioxide on an 
alumina base. With a suitable hydrocarbon 
charge (C, to C,.) and proper operating 
conditions yields of toluol may be as much as 
30 percent on a once through basis. There has 
also been some mention of a chromium- 
alumina catalyst for producing aromatics by 
dehydrogenating and polymerizing propane 
and butane. At the present writing no details 
are available. 


WAR 


There are various signs that the technology 
of oil refining in the belligerent countries has 
been profoundly affected by war conditions 
especially in those countries where native oil 
supplies are limited and cannot now be 
supplemented by imports. The Germans for 
instance, have been driven to make use of 
every possible expedient to overcome their 
handicap in the matter of military fuel. For 
one thing, they are said to have proved that 
by suitable engine design and operation their 
light Messerschmidt bombing airplanes can 
match or even outfly British pursuit planes 
with gasoline having an octane number no 
higher than 73. 

In the matter of lubricants they claim to 
have perfected the synthesis of better and 
more uniform lubricating oils from Fischer- 
Tropsch products. This is said to be accom- 
plished by polymerization of long chains and 
condensation of long chains to aromatics, to 
give lubricants of fairly definite compositions. 

Again, driven as they are by necessity, they 
are said to have at last made a success of 
producing fatty acids from mineral or artifi- 
cial petroleums. For instance, by controlled 
oxidation of high melting paraffins they are 
producing these acids in 35 to 40 percent 
yields, which is a great help to their soap 
industry. When the war is over we shall 
doubtless find they have made noticeable 
contributions not only to the practical chem- 
istry of petroleum but also to collateral and 
related industries that supplement petroleum. 
All possible hydrogenizable materials such as 
tars, etc., are being relentlessly exploited; 
liquefied and compressed gases are freeing 
much military gasoline, and the use of 
producer gas from coke, etc., in civilian motor 
transport has become a fine art. 

In the United States the oil refining indus- 
try is feeling the spur of an increasing domes- 
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tic consumption of motor fuel on the one 
hand, and a demand for higher quality motor 
and aviation fuel on the other hand. The 
joint effect of these forces is requiring the oil 
refiners to enlarge correspondingly their 
capacities, and to alter their processes to 
meet quality requirements. Aside from that, 
competitive conditions have continued to 
impose the necessity of reducing costs. The 
combined result of all this is to force a large 
section of the industry to sustain a consid- 
erable program of new construction and 
modernization which it is estimated is cost- 
ing around $200,000,000 annually. 

As we said, much of this modernization is 
dictated by the quality motif. The average 
octane number of regular gasoline is rising at 
the rate of three to four points a year. The 
refinery technologists have reacted to this 
trend in numerous directions. One of these 
directions is toward an enlargement of 
thermal cracking operations applied to crudes 
and gas oils, and reforming operations on 
naphthas which are manipulated so as to 
yield blending stocks of higher octane rating. 
As a result, within the last year the produc- 
tion of cracked gasolines for the first time 
exceeded the combined production of straight- 
run and natural gasolines. The quality motif 
is also responsible for various new or improved 


processes which will receive notice farthe 
along. 


INTEGRATION 


While the technology of thermal crackin 
operations has not lately experienced a 
very radical changes, it has nevertheless hai 
the benefit of much improved mechanic 
detail. As a part of the modernization proces 
the tendency is toward larger units for tl 
sake of greater economy; oil refineries a 
becoming larger and tend to become feve 
by consolidation of small into bigger plants 
In the construction of these bigger plant 
more attention is being paid to “integration 
An integrated modern combination therm 
cracking plant will comprise crude toppil! 
and cracking units, debutanizer, stabilize 
hydrogen sulphide-removal unit, reformit! 
and catalytic polymerization units, caus 
wash unit, etc. These various units are kt’ 
together and integrated by an _ extensi| 
system of control instruments. This instr 
mental control system is one of the mé 
remarkable and least publicized develo? 
ments of modern petroleum refining te 
nology. In a great refinery, operations m® 
proceed smoothly and practically automat* 
ally, from the tank farm to the shipping pl 
form. No unit must perform its functions! 
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either a faster or a slower rate than its fellow 
members of the system, and to secure this 
coordination as many as 100 or more regula- 
ting instruments, each automatically respon- 
sive to actions of the others, are installed at 
strategic points. Much of the economy and 
not a little of the safety of refinery operation 
is due to this continuing progress in instru- 
mentation. 

While thermal cracking still supplies most 
of the cracked gasoline, catalytic cracking has 
definitely entered the commercial picture in 
the form of the Houdry process, which was 
practically unheard of two years ago but is 
now represented by 17 plants with a total 
case charge capacity of 195,200 bbl. a day; 
15 of these plants, with capacities totalling 
187,865 bbl. are in the United States. Ac- 
counts of the operations of these plants 
indicate that the process is functioning 
smoothly and within economic limits. Within 
the past year various Houdry plants which 
started as catalytic cracking installations with 
catalytic treating units for the gasoline pro- 
duced, have added catalytic reforming units 
for the catalytic polymerization of butenes in 
the liquid phase. 

The existing Houdry cracking units appear 
to be maintaining the reputation of the 
process for uniformly good yields of gasoline 
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In Cincinnati, 
Ohio; a naphtha 
polyform unit of 
the Gulf Oil Cor- 
poration. This 
process is fully 
described on page 


56. 


with relatively high octane number (78-80) 
from any kind of crude stock. At least one 
Houdry unit is making aviation gasoline base 
with an A.S.T.M. octane number of 80, 
which requires only 30-35 percent of alkylate 
or other high octane equivalent for making 
100 octane (Army method) fuel. The signif- 
icance of this development is the reduced 
amount of alkylate or equivalent required. 


CATALYTIC CRACKING 


Mention of the Houdry process brings up 
the immense subject of catalysts in the oil 
refining industry. This is a field of research 
and development which is perhaps attracting 
more interest than any other single branch of 
the business. An examination of the literature 
suggests that if there is not already a catalyst 
for every purpose there are enough workers 
engaged in the search to bring about that 
result in a few years. 

The Houdry system itself contemplates a 
wide variety of catalysts. There is a catalyst 
for cracking reduced crudes, another for 
treating the produced gasoline and another 
for polymerizing the cracked gases; these are 
said to be more or less of the same basic 
material which has been physically modified 
to suit particular circumstances, but in some 
cases used interchangeably. A special Houdry 


catalyst has been developed for desulfuring 
purposes, but no commercial use seems to be 
made of it. 


CATALYTIC RESEARCH 


The main hope of the catalyst researchers 
is to find a catalyst that will not only produce 
a high yield of gasoline from any stock, but 
will function continuously, i.e., without 
stopping for regenerating. Some claims have 
been made that this goal has been achieved 
but it has not yet been fully commercialized. 
The reason for this search for a continuously 
functioning cracking catalyst is not hard to 
see. In the Houdry process, for instance, the 
cycle includes a 10-minute period of cracking, 
followed by a purging period, a 10-minute 
regenerating period and a repurging period 
that in all consume the equivalent of 20 min- 
utes, i.e., cracking goes on for approximately 
a third of the time. The installation cost of a 
Houdry unit is therefore nearly double that of 
an equivalent thermal unit. Obviously, if 
regeneration and subsidiary operations could 
be dispensed with, installation costs might be 
greatly reduced. Even so, the catalytic process 
has evidently demonstrated its commercial 
feasibility for large scale operations. 

That great expectations are being enter- 
tained in the catalyst field is indicated by the 
announcement that the Houdry Process 
Corporation has established a laboratory 
exclusively devoted to catalysis research; 
this institution cost $700,000 to build and 
equip and will employ a personnel of 110 
technologists and operators. One fruit of this 
project is said to be a new synthetic cracking 
catalyst that will produce yield increases of 
the order of 15 to 20 percent of an even better 
quality of gasoline. While the new catalyst 
will not function indefinitely without regener- 
ation, it is said to be purged more easily and 
quickly than the old one, and its operating 
cycle is longer. A further attribute of the new 
Houdry cracking catalyst is that the gases 
issuing from the cracking cases contain a 
larger than ordinary proportion of iso-butane 
than of normal butane, the ratio of the two 
being about 85:15 in favor of the iso hydro- 
carbon. 


LOO-OCTANE 


The general problem of obtaining a larger 
supply of iso-butane is itself in the forefront 
of interest, because it is one of the key ma- 
terials for the preparation of super-octane 
gasoline. In the present state of the art the 
manufacture of 100 octane number gasoline 
requires the addition of iso-octane or its 
equivalent to a suitable gasoline base. Not so 
long ago the chief source of iso-octane was 
cracked refinery gas containing C; and C, 
olefins, which could be thermally polymerized 
to octylenes that, by hydrogenation, become 
iso-octanes. The supply of C; and C, olefins 
in refinery gases, however, is limited. One 
method of increasing or extending this supply 
was to crack thermally the butanes contained 
in these gases and in natural gas. But butane 
is resistant to thermal cracking; the yield is 
small and much of the cracked product is 
liable to loss on account of the high cracking 
temperature. Still, the handicap of a limited 


45 























supply of butenes has been partly overcome 
by recent developments in alkylation pro- 
cesses, whereby olefins can be combined with 
iso-butane to form iso-octane with or without 
an intermediate hydrogenation. This makes 
a given supply of butenes go twice as far. But 
there remained the handicap of a limited 
supply of iso-butane as well as of butenes. 

So the problem of an enlarged supply of 100 
octane gasoline has appeared to be largely 
dependent on obtaining more butene and iso- 
butene. Several answers have been found or 
proposed. One is use of a catalyst like the new 
Houdry catalyst mentioned above, which 
furnishes cracked refinery gases greatly en- 
riched in iso-butene. It is said that a plant for 
producing isobutane from normal butene, 
using an aluminum halide catalyst is under 
construction. A great desideratum is also to 
increase the supply of C; and C, olefins by 
catalytically cracking propane and normal 
butane, of which large quantities are obtain- 
able from natural gas, provided such treat- 
ment gives larger yields than thermal crack- 
ing. 

A long step in this direction appears to 
have been taken in a new Universal Oil 
Products process by Egloff and his associates 
who have developed a chromium oxide 
catalyst on an alumina base which is applied 
to the conversion of gaseous paraffins (except 
methane) from any source into the corres- 
ponding olefins. The yield of olefins is said 
to be of the order of 85 to 95 percent, figured 
on the original charge of paraffins. The pro- 
cess is therefore offered as a substitute for the 
method of cracking thermally the gases which 
gives a yield of not more than 15 percent of 
butene on butane. For the economic success 
of the thermal process the butane used cannot 
be valued higher than 1.615 cents per gallon. 
There are no side reactions in this catalytic 
process; i. e. formation of propene from 
butane is suppressed. The catalyst has a long 
life and its selectivity is constant. The process 
may be conducted so that a mixture of butane 
and butene is obtained suitable for direct 
polymerization and hydrogenization to pro- 
duce iso-octane. 

Another process of obtaining high-octane 
bases which has received some attention is to 
treat desulfurized and depropanized gases 
with a nickel catalyst. As in the case of 
thermal polymerization of a mixture of ole- 
fins, the product of the nickel catalyst is a 
mixture of octylenes that may require the 
further step of catalytic hydrogenation. 


NEOHEXANE 


Once a mixture of C; and C, material of the 
proper character has been obtained, it may 
be converted into iso-octane or an equivalent 
mixture of high octane value by one of several 
methods: by thermal polymerization and 
hydrogenation, or by catalytic polymeriza- 
tion (U. O. P.), or by one or another form of 
the sulfuric acid process, preferably the cold 
acid process, which seems to have outclassed 
all other processes in this field. By the cold 
sulphuric acid process now being operated 
by several major companies, together with the 
prospect offered by the new U. O. P. process 
mentioned above, it appears that the probable 
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future demand for iso-octane or equivalent 
can readily be met, particularly if the produc- 
tion of Houdry cracked gasoline or the like, 
which requires a minimum of high-octane 
supplements, should be expanded. But it is a 
fact that iso-octane is only one of a number of 
aviation fuel ingredients. One of the newest 
and most interesting of these is called neo- 
hexane, which has been introduced by 
Phillips Petroleum Company. This is produced 
by reacting iso-butane with ethylene under 
the conditions of thermal alkylation. The 
strong point of neo-hexane is its very high 
octane number (100 A.S.T.M.) and _ its 
volatility; iso-octane is deficient in the latter 
property and hence has to be supplemented 
by light ends to produce the required Reid 
vapor pressure. Incidentally, the case of neo- 
hexane illustrates the profound effect of 
molecular structure on the anti-knock quality 
of a hydrocarbon. Normal hexane, which is a 
straight chain hydrocarbon, is notoriously 
deficient in octane quality. Neohexane has 
the same number of carbon and hydrogen 
atoms, but these are arranged in branch or 
side chains so that the molecule is more or less 
globular in form. It is this difference in molec- 
ular arrangement that makes the difference 
in anti-knock quality. 

It should be mentioned in this connection 
that thermal alkylation of the type used to 
produce neohexane appears to have a some- 
what wide promise. In contrast with catalytic 
alkylation, where only iso-butane reacts, in 
thermal alkylation normal butane and pro- 
pane also reacts with olefins to produce alky- 
lates. The thermal process succeeds easiest 
with ethylene, but less so with higher olefins. 

While iso-octane or its equivalent holds the 
spotlight in the play for more octanes, gaso- 
lines of high if not the highest quality are also 
being produced by other means. Prominent 
among these is simple catalytic (U. O. P.) 
polymerization of the olefins of cracked 
refinery gases. The polymer gasoline thus 
produced is used for blending purposes. There 
is some talk of reviving low pressure or vapor 
phase cracking as a source of octanes, and it 
need not be overlooked that skillful reforming 
of gasolines and naphthas may turn out a 
product with up to 90 octane number. 

One recent process of reforming comes in 
for mention. It bears the trade name of 
“‘polyforming’’, and has a modification that 
is called gas reversion. In principle this process 
aims to unite two operations that heretofore 
have been carried out separately. In the one 
of these separate operations the attempt is 
made to subject cracked refinery gases, 
mostly propane and butanes, to a thermal 
cracking to convert them into hydrocarbons 
boiling within the gasoline range. But these 
gases require high cracking temperatures that 
also destroy more or less of the cracked 
products. Hence it has been necessary to 
shorten the cracking period and to employ a 
large recycle ratio. In the other separate 
operation naphtha is thermally reformed to 
break up large molecules into smaller ones, 
and to effect more or less of cyclization, 
aromatization and polymerization that helps 
the octane rating of the product. 

In the combination or polyform process the 





cracked refinery gases and the naphtha are 
reformed in one operation. The gases are first 
liquefied under pressure, mixed with the 
naphtha and sent through the reforming 
furnace under appropriate operating condi. 
tions; this is polyforming. In gas reversion 
the gases are given a preliminary heat tregt. 
ment before joining the hot naphtha stream, 
After that, the joint product is fractionated 
as usual. 

The new technological point of this Process 
is that the gases and the naphtha cooperate. 
The presence of the gases helps to Suppregg 
coking of the naphtha, and the naphtha helps 
the gases to dissociate into recoverable 
products. The net result is shown to be both a 
larger yield of gasoline and a better anti. 
knock quality than would be obtained from 
the separate operations, and a separate gas 
treating plant is dispensed with. The poly. 
form process is discussed at length elsewhere 
in this issue. 

While the octane race with its adjuncts of 
catalyzation, dehydrogenation, polymeriza. 
tion, hydrogenation, isomerization, alkyla. 
tion, aromatization and cyclicization has 
provided much copy for the petroleum press, 
there is continuing activity on all othe: fronts 
of refining technology. Some of this activity 
has been producing notable results in what is, 
relatively, a minor field. This is the utilization 
of petroleum products and by-products as 
raw materials for industrial chemical synthe. 
sis. Of chief interest at the present time are 
aromatic hydrocarbons suitable for the manu- 
facture of high explosives, and for rubber 
substitutes. Butadiene has already become 
the parent of buna rubber, and now the Esso 
laboratories have introduced butyl rubber, 
which is composed of simple olefins with a 
small percentage of diolefins; if it becomes 
feasible for butyl rubber to compete with 
natural rubber there will be a greater demand 
than ever for petroleum unsaturates. 

This division of the refining business is 
more remarkable for its diversity than for its 
volume, which is quite small in comparison 
with gasoline. Still, synthetic petroleum 
products, too numerous to be mentioned here, 
are already well established in the markets in 
the form of alcohols, ethers, solvents, insec- 
ticides and dozens more. Diethylene glycol, 
synthetic glycerine, soap bases and the like 
are quoted in respectable tonnages. The list 
grows almost daily, and still some petroleum 
by-products await possible customers, as for 
example the mercaptans that are being 
extracted from sour gasolines by new pro- 
cesses. 


SULFUR REMOVAL 


In the preparation of all petroleum 
products the final essential step is purifica- 
tion. Chief among the substances that have 
to be got rid of is sulfur. 

The classic method of removing sulfur from 
gasoline is the Doctor treatment with lead 
plumbite; this method has well known limita- 
tions. It does not remove all forms of noxious 
sulfur, and this defect of the Doctor treatment 
has called forth a number of processes that 
more nearly meet the situation. 

Among the latest of sulfur-removing pro- 
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Heat exchangers at the Cincinnati 
naphtha polyform unit of the Gulf 
Oil Corporation. 


cedures is one that has received the name of 
“solutizer’’ process; this process uses caustic 
potash mixed with potassium isobutyrate to 
accomplish what the Doctor process cannot 
do—remove all forms of sulfur, including 
mercaptans. The solutizer process appears 
to have quite perceptible advantages in the 
following particulars; the sulfur content of the 
treated gasoline is reduced to quite negligible 
proportions; the susceptibility of the gasoline 
to tetraethyl lead is notably improved; in 
contrast with the Doctor method, the octane 
rating of the gasoline in the clear is somewhat 
improved, and treating losses are reduced. 
Nevertheless, the Doctor process is still hold- 
ing on; it is even being improved, and the 
time and expense attending its use are being 
reduced by application of new ideas. It is 
likely to disappear in time, however, and give 
place to the simpler and more thorough 
reversible contact processes. 

Complete removal of all forms of sulfur 
hydrogen sulfide, mercaptans, mono-sulfides 
and di-sulfides is also being effected by a 
catalytic desulfuring process in which vapor 
of naphtha at 700 deg.-750 deg. F. are passed 
over a bauxite catalyst; marked reduction 
occurs in the tetraethyl lead requirement, and 
the 60-octane number naphtha becomes a 
blending agent. 

Other new means of removing sulfur in- 
clude washing with a solution of potassium 
triphosphate to absorb hydrogen sulfide; this 
reagent can be regenerated and used again. 
In some cases aviation gasolines are treated 
with bauxite in vapor phase at 750 deg. F. 
In cases where a simple caustic wash will 
suffice it has been found practicable to use 
milk of lime instead of the more expensive 
caustic soda. 

Of late, interest in the problems of sulfur 
removal has been sharpened by a more general 
realization that the presence of even small 
amounts of sulfur has an unfavorable effect 
on the lead susceptibility of gasolines, and 
that the expense of treatment may be more 
than compensated by the raising of the 
product into a higher price bracket. 


DECOLORIZING 


Like the classic Doctor method of sweeten- 
ing sour gasolines the classic clay treatment 
for improvement of color is feeling the 
Pressure of new products and methods. 
Bauxite has become a competitor of fuller’s 
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earth by reason of greater decolorizing power 
and other advantages, but, as is also observed 
with the obsolescent Doctor process, the 
absolescent fuller’s earth process is holding 
on by virtue of some belated improvements. 
The clay material is being offered to the 
refiner in an improved form; and particularly, 
new and more convenient means of regenera- 
ting the spent clay have been invented; the 
regeneration process may now be conducted 
so that some active carbon will be left on the 
clay particles to improve the decolorizing 
power. 

The number of decolorizing agents and 
processes that have been offered to the oil 
refining industry is already large and is in- 
creasing almost daily. Mention may be made 
of a proposition to improve the color of 
cracked distillates by an acid wash followed 
by washing with a solution of caustic soda 
dissolved in methanol. 

A contribution to the decolorizing of 
lubricating oils is to raise the duty of filter 
clays by first treating the lube oil with pro- 
pane to precipitate petroleum resins. 


LUBRICANTS 


In the matter of the solvent refining of 
lubricating oils there has been relatively little 
recent expansion, probably due to the fact 
that the existing plants can meet the demand. 
Among the various processes of solvent 
extraction that have become established the 
order of preference, as indicated by number 
and capacity of the installations, appears to 


be: furfural— Duosol—phenol—sulfur dioxide 
benzol. 
Although industrial expansion in this 


branch has slowed down temporarily, the 
researchers are still very busy testing out all 
possible kinds of selective solvents. Much 
attention has been attracted to mixed solvents 
among which may be mentioned mixed 
normal-propyl ketone and methyl normal- 
butyl ketone. 

Among proposals for handling the distilla- 
tion of lube stocks may be mentioned a pro- 
cess in which the oil is distilled under a high 
vacuum, with arrangements such that the 
vaporized molecules would have to travel only 
a very short path. Another proposition is the 
Couborough or “carrier’’ distillation process 
in which heavy oils are distilled in the presence 
of the vapor of some lighter substance like 
kerosene or light gas oil. This has been em- 
phasized as a means of separating asphalt. 

A relatively new direction in the compound- 
ing of lubricating oils is the use of additives or 
substances that will confer on the lubricant 
properties not present in the original material. 
Among such agents are polybutenes (made 
from iso-butene) which are employed to im- 
prove the viscosity index and confer string- 
iness and body on the oil. 

Such substances are useful as additions to 
asphalts for confering on them both a higher 
softening point, more penetration and less 
cracking tendency; they also improve -the 
coating qualities of paraffin waxes. Prominent 
among these additive agents is the trade- 
marked substances ‘‘Exanol’’. 

Refinery technology falls broadly into two 


general categories; the category of process 
technology and the category of equipment 
technology. In the foregoing part of this re- 
view various trends in process technology 
have been brought under notice and a number 
of the newer processes are discussed in detail 
elsewhere in this issue. 
EQUIPMENT 

In the equipment technology of petroleum 
refining a principal trend has been (as pre- 
viously mentioned) toward large scale opera- 
tions for the sake of economies that may thus 
be realized; another trend, also mentioned, is 
toward extensive instrumental control of 
integrated operations. 

The trend toward large scale operations has 
produced cracking stills and fractionating 
towers of previously unheard of dimensions. 
The high pressures required in some refining 
or synthetic operations has made it necessary 
to build vessels strong enough to resist these 
pressures. One constructional method which 
has attracted some notice is to wrap sheets of 
metal around a cylinder until the desired 
thickness of wall (4-5 in.) has been built up. 
The completed cylinder is then supplied with 
ends and fittings. An advantage of this con- 
struction is greater strength at reduced cost 
and especially the fact that only the central 
cylinder need be of some resistant alloy. 

The matter of resistant metals for refinery 
use is a large one and has been attracting a 
due amount of attention. It is indeed a serious 
matter. The raw materials of the refining 
industry are generally corrosive. Depreciation 
of metal equipment is often high and the 
expense of maintenance and replacement is 
burdensome. 

No one answer has been found to the 
corrosion problem, due to variations in 
materials and circumstances. There is a 
general tendency to use alloy steels in all 
process equipment where high temperature 
comes into question. Where hydrogen sulfide 
is a major pest chromium carbide steels have 
been found resistant. In general some form of 
chromium alloy is indicated where operating 
temperatures will exceed 600 deg. F. 
Chromium-molybdenum alloy has been in- 
dicated for heater piping and fittings, with 
silicon - chromium - molybdenum steels for 
temperatures up to 1,300 deg. F. At the other 
end of thermal operations—the low temper- 
atures encountered in operations that require 
refrigeration under high pressure—nickel 
steels have been recommended. 

There is, however, a tendency to abandon 
low refrigeration in the recovery of distillate 
from condensate wells of the Gulf Coast, in 
favor of high pressure absorption in special 
oils. 

Aside from the corrosion problem, the 
major concerns of the refining industry are 
safety, and the general matter of improving 
efficiency. Under the latter comes the matter 
of increasing fuel efficiency, which really 
means fuel economy. In some of the modern 
integrated combination cracking installations 
heat consumption is said to have been reduced 
to 200,000 British thermal units per barrel of 
throughput. 
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World’s First Commercial NEO-HEXANE Produced 


in Phillips Plant 


Gains up to 25 percent in basic 
power output anticipated for air- 
eraft powered by this newly de- 
veloped fuel giving U.S. Military 
planes performance character- 
istics presently unattainable in 


any other country. 


A creat deal of attention has been direct- 
ed lately to the octane number of gasolines. 
This property of a motor fuel, its ability to be 
used without perceptible knock, can be real- 
ized only when combined with other necessary 
properties of a fuel which permits it to be 
utilized in the most efficient manner. In view 
of these facts it is necessary, therefore, to 
evaluate a motor fuel from its overall stand- 
point instead of merely by its octane number. 

During the past year the Phillips Petroleum 
Company has developed a material known as 
neohexane which, when combined with other 
ingredients, permits the manufacture of an 
aviation fuel that not only has the highest 
octane number of any heretofore commerc- 
ially available gasoline, but also has the other 
requirements for a balanced aviation fuel. 
The development and production of this new 
product, neohexane, is unique from a great 
many standpoints. The material was origin- 
ally developed in the laboratory, tested in a 
pilot plant, and now is being produced in a 
large scale plant. An interesting fact is that 
the materials produced by all of these methods 
have virtually the same properties. 

Neohexane is chemically known as 2,2- 
dimethylbutane. This hydrocarbon has been 
known to scientists for a number of years but 
only as a synthetic laboratory product made 
by difficult and expensive methods and was 
never before available in quantities of more 
than a quart or two at a time. The first 
accumulation, anywhere in the world, of 
quantities larger than this was the storage in 
connection with the Phillips pilot plant. 

A few years ago the product commercial 
isooctane, which has an octane number in the 
low 90’s, was made synthetically only in the 
laboratory and today is the base material in 
all ethylized 100 octane number aviation 
fuels. The development of isooctane permitted 
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aviation fuels to be produced with a higher 
octane number than the 87 octane number 
existing at that time. Data are presented in 
Figure 1 to show what the trend has been in 
the octane number of the aviation gasolines 
purchased by the Air Corps over the past 10 
years. A similar curve but with a lower and 
regular trend could be shown for the fuel used 
by commercial air lines. No signs of abate- 
ment in the base requirement for higher 
octane number fuels are apparent from these 
trends. 

During the last few years great progress 
has been made in aeronautics resulting in 
higher air plane speeds and greater cruising 
distances. As a result of the improvement in 
octane number, as shown in Figure 1, it has 
been possible to develop more power per unit 
of engine weight as well as to secure lower 
fuel consumption. As an example of the 
benefits derived from using balanced gasolines 
of higher octane number, the use of 100 octane 
number gasoline resulted in a gain of 25 per- 
cent in the basic power output of military air- 
craft over the previous performance possible 
with 92 octane number gasoline. The advent 
of neohexane is expected to overcome certain 
limiting factors now prevailing in the path of 
still higher octane number fuels. It is expected 
that under optimum conditions the use of this 
new material will result in another 25 percent 
increase in the basic power output. In other 
words, the development of neohexane will 
permit air-craft performances not now obtain- 
able in any other country. 

In order to understand fully the part neo- 
hexane plays in the aviation gasoline industry, 
some of the history of the development of 
aviation fuels will be given. 

Prior to the advent of the new synthetic 
gasolines (such as isooctane and neohexane) 
the highest quality product in general use 
had an octane number of less than 75. This 
could be increased, however, to a range from 
from 87 or 92 (depending on method of de- 
termining the octane number) with the addi- 
tion of about 3 cc’s of tetraethyl lead (TEL) 
per gallon. While more tetraethyl lead may be 
added, the increase in octane number dimin- 
ishes very rapidly as greater quantities of lead 
are added so that it becomes uneconomical to 
use large quantities of lead in order to obtain 
higher octane number gasoline. The current 
high octane number aviation gasoline, usually 
100 octane number, is a mixture of synthetic 
isoocatne and selected aviation gasoline ma- 
terials together with the addition of 3 ce’s of 
TEL. 

Isooctane which is produced in commer- 
cial quantities from the C, hydrocarbons 
(butanes and butenes), is a synthetic paraffin 
hydrocarbon of low volatility (high boiling 
point). By blending commercial isooctane 
with selected straight run or natural gasoline 
of varying volatility and in suitable propor- 


tions, an aviation fuel possessing a properly 
balanced volatility is obtained. Although 
commercial isooctane has an octane number 
in the low 90’s, it cannot be used alone as an 
aviation gasoline because its boiling range jg 
too high for satisfactory operation in air-craft 
engines as presently designed. That is why it 
is necessary to blend with isooctane some 
straight run or natural gasoline in order to 
overcome this deficiency in volatility. The 
inclusion of these lower octane materials jn 
the blend impairs the final octane number 
properties so that even with the addition of 
tetraethyl lead, octane numbers of more than 
100 are seldom achieved. 

Because of the volatility characteristics of 
isooctane which requires the blending of low 
octane number volatilizing ingredients with 
it, neohexane becomes a very important 
ingredient in the production of high octane 
number aviation gasoline. The volatility 
characteristics of neohexane are such that a 
perfectly balanced aviation gasoline may be 
manufactured by blending this material with 
commercial isooctane and isopentane (a very 
volatile high octane number ingredient ob- 
tained from natural gasoline). In this blend 
none of the relatively low octane number 
straight run or natural gasoline is required. 
All the ingredients of an aviation fuel so 
manufactured would have octane numbers of 
the same order as commercial isooctane, and 
as a result octane numbers considerably above 
100 can be produced with the addition of 
tetraethyl lead. With the appearance of this 
material on the market, neohexane is the only 
available high octane material of moderate 
volatility. 

The manufacture of commercial isooctane 
and neohexane is basically by the polyn- 
erization process, that is, where light weight 
hydrocarbons, usually gaseous, are converted 
to heavier hydrocarbons, usually liquid. 
Probably the most outstanding commercial 
development in the last few years in the 
petroleum industry has been in the polyn- 
erization field. The chief application of the 
polymerization reaction has been with refinery 
gasses as raw materials, although much 
progress has also been made with the natural 
gas hydrocarbons. The first large scale in- 
stallation of thermal polymerization was 
made by Phillips Petroleum Company. Most 
of the polymerization plants have beet 
installed within the last five years. Polymer 
ization has indeed played an important role 
in the petroleum industry. It has extended the 
usefulness of other processes for the mail: 
facture of gasoline and at the same time h# 
been an important factor in conserving 0 
petroleum resources. In fact, it can be sail 
that polymerization has created for the 
economist a new definition for petroleum 
reserves. 

While the process for the manufacture 
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neohexane falls in the general category of 
polymerization processes, it converts gaseous 
hydrocarbons to liquid hydrocarbons, more 
specifically, however, it is known as an alkyl- 
ation process and is based on a chemical 
reaction involving the direct union of the 


and propane, together with hydrogen, me- 
thane, propylene and minor amounts of other 
constituents. 

The cracking reactions for the ethane and 
propane in the coil are mainly the following: 


‘ ° : (1) CH, > HH: + CH, 
proverbially inert paraffins with other hydro- ethane hydrogen’ ethylene 
carbons. Until a few years ago chemists : : : 

thought this reaction would not take @) Pg —.. 
place. The neohexane conversion of gaseous : 
hydrocarbons to liquid hydrocarbons is (3) C3Hs “te i... + —— 
effective without catalyst but is essentially a a a 


controlled chemical synthesis. The conversion 
is carried out in one or two stages depending 
on whether ethylene is available as such or 
must be obtained by controlled cracking. 

The two stages are briefly as follows: 


The cracked gas, after cooling and passing 
through an oil scrubber to remove a trace of 
light carbon and tar formed in the cracking, 
passes to a compression system in which it is 
raised in three stages to a high pressure to 
facilitate ethylene recovery. Small quantities 
of aromatic oils formed in the cracking opera- 
tion are condensed and removed and the 
ethylene is then extracted for subsequent 
reaction with isobutane to produce the neo- 
hexane. The extraction is accomplished in a 
bubble tower, the ethylene absorber, using 
isobutane as the absorption medium. The 
enriched isobutane contains virtually all the 
ethylene, as well as the limited amounts of the 
more readily extractable propylene, propane 
and ethane surviving the cracking. Methane 
and hydrogen are not absorbed and pass from 
the top of the absorber. Both the high absorp- 
tion pressure and a degree of refrigeration are 
required to obtain efficient extraction. The 
refrigeration of the incoming isobutane is 
effected by a conventional propane refrigera- 
tion cycle, and additional facilities not shown, 
are provided to increase the efficiency with 


1. Ethane and propane are cracked to 
produce ethylene. 


2. Ethylene plus isobutane are reacted 
to produce neohexane. 


The process elements are shown schematic- 
ally and in somewhat simplified form in 
Figure 2. A C2-C; (ethane and propane) mix- 
ture is cracked to produce ethylene in tube 
furnace units. For efficient ethylene produc- 
tion, cracking at high temperature and low 
pressure is required. The temperature and 
pressure are approximately 1400 deg. F. and 
six to twelve pounds (gauge) respectively. 
The tube coils are of necessity constructed of 
a ferrous alloy with high heat resistance. The 
severity of the cracking is so regulated as to 
produce a maximum content of ethylene in 
the cracked gas, the cracked gas containing 
under these conditions only a little ethane 
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which refrigeration is utilized. The operating 
conditions in the ethylene absorber are: 
pressure, 800 lbs. per sq. in.; temperature of 
incoming isobutane ‘minus 30 deg. F. The 
enriched isobutane contains approximately 
50 percent of hydrocarbons extracted from 
the cracked gas. 

The alkylation, or more specifically the 
ethylation, of isobutane by the ethylene is 
carried out at a pressure of 4,500 lbs., the 
highest pressure in commercial use for any 
hydrocarbon polymerization process. The 
temperature in the alkylation coil is main- 
tained at 950 deg. F. 

The 4,500 lbs. pressure gives efficient 
alkylation and virtually eliminates carbon 
and tar formation as operating problems, but 
it presented many new engineering problems 
to be solved. However, to consider first the 
conversion unit, the basic requirement is that, 
while isobutane is maintained at conversion 
temperature, the ethylene must be introduced 
in low concentration during reaction, more 
being added as it is consumed. Added in high 
concentration, the ethylene will polymerize, 
and become unavailable for undergoing union 
with isobutane to produce neohexane. In 
the plant this is accomplished by passing the 
isobutane stream through a tube coil at 
reaction temperature and introducing the 
enriched isobutane containing the ethylene 
simultaneously through several inlets distrib- 
uted along the reaction coil. The isobutane is 
raised to 4,800 lbs. pressure by a multiple 
cylinder charge pump, equipped with internal 
cooling for the plungers, and it then passes 
through a tube furnace in which it is brought 
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to reaction temperature. The stream then 
passes through a reaction coil in a separate 
housing. The olefin feed inlets consist of small 
diameter tube inlets discharging into those of 
the removable headers so located as to give 
the proper reaction time interval between 
additions. The flow volume to each inlet is 
maintained at the desired rate by a flow con- 
troller operating at a pressure level necess- 
arily slightly higher than the reaction pressure 
itself. The enriched isobutane stream is 
delivered to the inlets by a separate charge 
pump of the type used to charge the iso- 
butane. Some additional heat is required, and 
‘the reaction temperature in the coil is main- 
tained at the desired level with the assistance 
of hot flue gas passing upward around the 
tubes, the temperature being maintained at 
the desired level by the aid of heat from 
additional products of combustion. 

The stream discharged from the alkylation 
coil passes through an expansion valve, where 
pressure is reduced to about 800 lbs., then 
through waste heat boilers where the heat 
in the stream is used to produce steam, for 
use in the process and elsewhere. From the 
waste heat boilers the stream passes to a 
depropanizer column, where there is elimi- 
nated the ethane and propane surviving the 
original cracking and a minor amount of 
methane produced in the alkylation, which 
are returned as feed to the cracking operation. 
To avoid loss of isobutane to the overhead 
stream, some refrigeration is required for 
producing the reflux. This column operates 
with a top temperature of about 104 deg. F. 
under about 325 lbs. per sq. in. with a reflux 
ratio of 5.5 to 1. The stream then passes to 
the debutanizer column, where there is 
removed the isobutane, present in large excess 
which is returned to the alkylation and 
absorbing steps. This column operates with a 
top temperature of about 125 deg. F. at 100 
lbs. per sq. in. The reflux ratio is about 1.5 
to 1. The debutanizer kettle product is the 
total alkylation product, virtually all in the 
gasoline range, containing a small amount of 
pentanes and a major amount of hexanes and 
higher which are respectively lighter and 
heavier than the neohexane present. 

The fractionation temperature required to 
isolate the neohexane is indicated by refer- 
ence to the tabulation below, which also shows 
the boiling points of the neighboring hydro- 
carbons. 


Isopentane.......... 82.3 (°F.) 
SE Pr ee 96.8 
Neohexane .......... ore 
2, 3-Dimethylbutane .... 136.6 
2-Methylpentane...... 140.4 
3-Methylpentan . 145.8 
n-Hexane bikie 155.8 


The intervals separating neohexane from 
its higher and lower neighbors are sufficiently 
great to make its isolation reasonably easy in 
rather pure condition. 

The total alkylation product from the 
debutanizer kettle passes to a column to make 
the separation between the neohexane and the 
heavier material. The separation is exacting, 
since high purity of the neohexane is desired, 
so a 60 plate column is used at this point. The 
neohexane and lighter, produced as overhead 
product, pass to a virtually identical column 
where the lighter material is eliminated, and 
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neohexane is produced as the kettle product. 
These columns operate at low pressures, 5.5 
and 14 lbs. per sq. in. respectively and with 
top temperatures of 124 deg. F. and 107 deg. 
F. The close fractionation desired calls for 
rather high reflux ratios, 10 to 1 or somewhat 
less. 

The lighter material removed in the second 
column, described in the preceding para- 
graphs, is Cs (pentanes and pentenes) hydro- 
carbons, a large proportion of which is iso- 
pentane. It is worth noting that in addition 
to the neohexane produced, respectable 
proportions of isopentane are likewise being 
synthesized at this plant. This isopentane is 
formed in the alkylation coil by the junction 
of ethylene with propane. 

An interesting factor in connection with the 
commercial plant installed by Phillips Petrol- 
eum Company is that commercial isooctane, 
isopentane and motor fuel are all made in 
conjunction with the manufacture of neo- 
hexane. In other words, all the ingredients 
necessary for the manufacture of high octane 
number aviation gasoline are made at the 
same location and are available for immediate 
blending to any desired specification. 

In addition to the volatility advantages 


which neohexane has, it possesses a greater 
lead susceptibility than any other commercial 
high octane number material. This means 
that with a given quantity of lead, neohexane 
has a correspondingly greater octane number 
increase than commercial isocotane itseli. 
This is a very important fact from an econ- 
omic standpoint and further emphasizes the 
position which it plays in the manufacture of 
aviation fuels having antiknock values in 
excess of 100 octane number. 

Although neohexane permits the production 
of a gasoline with a higher octane number 
than possible heretofore, it is believed that 
the top in octane numbers has not been ob 
tained as yet. The development of neohexane 
permits the manufacture of aviation gasoline 
which is superior to anything heretofore 
available and as a result places this country 
at a considerable advantage over other 
countries in the aeronautics field. 

The development of neohexane is jus 


another step in the production of aviation | 


gasolines with higher antiknock rating. While 
this represents a big advance for the aviation 
industry, it is believed that additional 
achievements in this field will be forecoming 
in the near future. 
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HOUDRY RESEARCH Seeks Development of 


Superior Catalysts 


By Dr. W. 0. Willeox 


Houdry Process. Announced in 


1938. Has Taken Important Posi- 
tion in Commercial Operations — 


Research Workers Now Study 


New Catalysts. Seek to Extend 


Application. 


Tue Hovupry catalytic refining process 
first came to general notice in November, 
1938 through a paper presented to the 
American Petroleum Institute by A. E. Pew, 
Jr., Eugene Houdry and associates. In that 
paper it was brought out that the process was 
able to effect several operations, the chief of 
which were: 

Catalytic Cracking 

Catalytic Treating 

Catalytic Polymerization of Butenes 

An account of the Houdry process as it 
stood in the fall of 1939 was published in the 
International Refinery issue of WORLD 
PETROLEUM for that year. At that time there 
were 10 Houdry plants in active operation 
and a number of others under construction. 
It is the purpose of this article to report on 
the overall commercialization of the chief 
operations of the process during the past year 
and the developments that have been made. 
The roster of Houdry plants now operating or 


in course of erection are given in Table 1. 
During the past year there has been added 
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Activity 








Time 


Figure 1 


to the Houdry catalytic cracking and treating 
unit of the Sun Oil Company at Marcus Hook 
and which was described in the above article, 
a catalytic reforming process, which makes 
this plant the first to have a combination unit 
for the complete catalytic processing of a 
crude oil. Sun Oil Co. will place in operation 
in November at Marcus Hook a large twelve 
case catalytic cracking unit which has been 
built for the catalytic conversion of gas oil 
stocks which were formerly thermally crack- 
ed. The same refinery also has installed a 
small semi-experimental unit for the catalytic 
polymerization of butenes in the liquid 
phase, and based upon the data obtained 
therefrom have built and are about to place 
in operation a commercial polymerization 
unit at their Toledo refinery. 

In view of the National Defense Program 
and the necessity of providing fuel for a large 


TABLE I 





Capacity Bbls. ‘Day 
Charging Charge lase 
Company Location Type Stock Stock Charge 
IN OPERATION 
Socony-Vacuum Oil Co... Paulsboro, N. J. Cracking Gas Oil 2,000 2,000 
Sun Oil Co....... ; ..Marcus Hook, Pa. Cracking Reduced Crude 15,000 12,000 
Raff. di Napoli . Naples, Italy Cracking-V.Treating Gas Oj 2,600 2,600 
Magnolia Petroleum Co. No.1 Beaumont, Texas Cracking Crude 16,700 15,000 
Sun Oil Co... .Marcus Hook, Pa..Cracking-V.Treating Crude 28,000 19,000 
Socony-Vacuum Oil Co. .. Detroit, Mich. Cracking Crude 19,400 10,500 
Socony-Vacuum Oil Co. Brooklyn, N. Y. ..Cracking Mixed 12,000 10.000 
Sun Oil Co. . Toledo, Ohio Cracking-V.Treating Crude 28,000 19,000 
Magnolia Petroleum Co. No.2. Beaumont, Texas Cracking Mixed 17,800 15,000 
Socony-Vacuum Oil Co. Buffalo, N. Y. Cracking Crude-Gas Oil 16,000 10,000 
Sun Oil Company .Marcus Hook, Pa. Reforming Naphtha 8,000 8,000 
Socony-Vacuum Oil Co. E. St. Louis, HL. .. Cracking Crude 18,400 10,000 
Socony-Vacuum Oil Co. Augusta, Kans. Cracking Crude 23,000 10,000 
Socony-Vacuum Oil Co... Paulsboro, N. J. Cracking Crude-Gas Oil 12.700 10.000 
UNDER CONSTRUCTION 
Raff. de Berre..... .. Berre lEtang, Cracking Gas Oil or 4.535 4.535 
France Reduced Crude 6.375 5.500 
Vide Water Associated Bayonne, N. J. Cracking Crude Variable 16,600 
Sun Oil Co. .Marcus Hook. Pa. Cracking Gas Oil 20.000 20,000 
195.200 
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number of planes it is interesting to note that 
the Paulsboro refinery of Socony-Vacuum (jj 
Company has been producing aviation fygl 
by the Houdry catalytic cracking process for 
over three years. With their recently com. 
pleted unit they are charging Mirando and 
Cameron Meadows crude from the Gulf 
Coast. The crude charge is first topped to re. 
move all constituents boiling under 400 deg. F, 
The bottoms from this topping operation are 
heated further and flashed in a tar separator, 
the tar being removed as a liquid, the vapor. 
ized portion passing to the catalytic cases for 
conversion. The catalytic gasoline produced 
is taken from the unit in two fractions, which 
if recombined, will give a 400 E. P. motor 
gasoline with a gross yield of 42 to 46 percent 
of the case charge. 

For the production of aviation fuel the 
lighter catalytic gasoline fraction is stored 
and then treated in the same unit and by the 
same catalyst which produced it. During the 
treating operation the crude charge is cut off 
from the unit and suction taken on the raw 
aviation fuel tank. The operating conditions 
are adjusted for the treating operation so that 
the product will meet the desired specifica- 
tions. This treating operation is required for 
the reduction of acid heat and to bring it from 
approximately 80 to below 20. It may be 
mentioned here that the more active type of 
synthetic catalysts for cracking gas oils and 
naphthas for aviation fuel are said to produce 
a gasoline having an acid heat of the order of 
20. Generally this type of product requires no 
treatment. The aviation fuel has an A.S.T.M. 
octane number of 80 and with the addition of 
from 30 to 35 percent hydro co-dimer or other 
high octane blending agent and 3 cc. TEL 
per gal., the octane is raised to 100 by U. 8. 
army method. Typical results when blending 
for 100 octane fuel are given as below: 


Blended 
Base Aviation 
Stock Alkylate Fuel 
Gravity Serre rTery a 70.7 67.6 
R. V. P.. Lb.. gtieanion 9.6 4.8 6.4 
Acid Heat, deg. ee ‘ 21 2 10 
O: Bomb Hrs., Min. . 18.30 
Cu Dish Gum... Re ee 2 1 <i 
Glash Dish Gum........ Nil Nil 
Army Gum....... or 1 3 
Octane-CFRM 
Se IS 0.0 66 00.600040% 80.7 93.2 84.8 
eluevaguasees: Se rr 92.8 
Me andre sic anal Ss 91.4 95.2 
Teer FORT re 93.3 obese 98.6 
Octane Army 
ec. TEL 3 vehene ee — 99.9 
Distillation ASTM , 
SS EEE 106 120 102 
10. 126 182 
5O.. 187 220 wt 
90 259 233 238 
E.P 289 260 282 
Recovery <a-aus 98.5 98.5 98 
Loss err , 1.0 0.5 14 


Undoubtedly the Houdry process is able to 
produce a synthetic type of paraffinic ave 
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tion fuel which has a high octane value ait 
which will meet requirements for air-coole 
aviation engines. The importance of thi? 
resides in the fact that the higher octalé 
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, Above, a Houdry cataly- 
tic cracking unit of 
Socony - Vacuum Oil 
Company, installed by 
E. B. Badger & Sons 
Right, _re- 
search laboratory build- 
Hook, 
where constant - 
study of 


Company. 
ing at Marcus 
Penn., 
catalysts is 
carried on by Catalytic 


Development Company. 


} number of the catalytic gasoline will reduce 


the requirement for alkylaté and hydro 
co-dimer blending medium. This obviously 
means economy in manufacture and is no 
mean addition to resources for a national 
supply of 100 octane fuel. 

While it has been previously mentioned in 
many articles on the Houdry process that the 
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high octane rating of the product extends into 
the heavier gasoline fractions, the following 
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data is reported on the heavy naphtha result- 
ing from splitting a 357 deg. F. E. P. catalytic- 
ally treated distillate into a base aviation fuel 
and a bottoms: 


Gravity... 38.0 deg. 
Acid Heat 10.0 deg. F. 
Octane (CFRM) 79.3 
Distillation AST 
_ eae : 272 

10 percent... 289 

50 percent... 309 

90 percent... 347 

E. P... 396 





































Thus the naphtha bottoms from Houdry 
catalytic gasoline, after removal of the avia- 
tion cut, can be used for the production of 
high octane blended motor fuel. 


200-DAY RUN 


According to information obtained from 
the Houdry Process Corporation and from 
various refineries it appears that the process 
is maintaining its attribute of flexibility 
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which allows of ready adjustment to the 
relative market demands for gasoline and 
fuel oil. In some localities, especially those 
in the east where the market for light fuel oil 
is good, the plants are allowed to make a 
gasoline yield of around 40 percent on case 
charge; in other places where fuel oil is not so 
important the gasoline yield is pushed up to 
around 50 percent or more as conditions may 
require. In shifting from one yield-base to 
another little more is required than a change 
in the rate of throughput. 

The Houdry unit at Socony-Vacuum’s 
Buffalo refinery was fired for run No. 1 on 
October 12, 1939. During October the charge 
to the unit was excess pressure-still stocks; 
these stocks were processed and depleted 
October 31, 1939, and on November 1, 1939, 
crude was charged to the unit along with the 
current work’s production of Houdry pressure- 
still charging stocks—36/40 fuel oil from 
Olean and Olean gasolines; on December 3, 
1939 the unit was shut down for inspection 
and to make some changes. During the shut- 
down the cases were topped off with catalyst 
and the ordinary check-up of pumps and 
equipment was made to assure that the unit 
could be kept on stream unless something 
unforeseen should happen during the cold 
weather. 

Run No. 2 was started with the unit on 
stream at 4 P.M., December 7, 1939 and 
remained on stream until June 23, 1940; the 
cases were by-passed at 9 A.M. and the fires 
put out at 11 A.M., thus completing a contin- 
uous run of 200 days lacking five hours. The 
reason for taking the unit off was on account 
of dirty crude furnace tubes and the fouling 
of condenser tubes with dirty water. After 
cleaning, and the customary inspection, the 
unit was fired for Run No. 3 and was on 
‘stream on June 28, 1940, without any opera- 
ting or mechanical difficulties. 


TABLE 2 


Monthly Percentage Yields of Houdry Unit 
at Socony-Vacuum’s Refinery at Buffalo 


Dec. Jan. Feb. Mar. Apr. May June 


... 48.44 51.19 48.91 48.66 48.36 46.99 49.65 
Fuel Oil Dist. 25.28 25.34 25.16 23.52 24.21 24.35 20.37 
Syn.Cr.Btms. 21.28 18.47 20.88 22.82 22.52 22.61 23.00 
Gas and Loss 5.00 5.00 5.05 5.00 4.91 6.05 6.98 


Casoline 
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A catalytic cracking pilot plant constructed for 
Catalytic Development Company laboratories at 
Marcus Hook to assist in the study of catalysts. 


A detailed report from the Buffalo refinery 
gives a summary of percentage yields during 
the seven months’ continuous operation of 
Run No. 2 (see Table 2). Similar results have 
since been maintained and during the first 
complete calendar year the operating time 
efficiency has been 97.4 percent. 

From this table it appears that the yield in 
May is off about one percent, which is ex- 
plained as follows: 

During that month there was an unusual 
special demand for a special gasoline, which 
ordinarily is not more than four percent, but 
which in that month rose to 11 percent. 

The inspection of the unit after Run No. 2 
did not show the unit to be particularly bad, 
the crude furnace tubes were dirty but not 
coked, there was no dirt or coke in the tar 
separator, synthetic crude tower and topping 
tower; no coke in Leach vapor exchangers or 
vapor lines, but the main trouble was dirty 
water condenser tubes. 

An interesting statement on the quality of 
the gasoline produced at this plant is to the 
effect that ‘‘a sample of Houdry stabilized 
gasoline placed in the sunlight or direct light 
for six months darkened from 15 color to 12 
color, with no deposit of sediment’’. 


CATALYST 


In refinery circles there has been much 
interest in the matter of how long a Houdry 
catalyst would stand up under continuous 
operation. The past policy of the Houdry 
Corporation has been to base economic 
studies for new installations on a catalyst life 
of at least six months. This policy was conser- 
vative but arose from experience in the 
developmental period, which showed a grad- 
ual deterioration in catalyst activity, some- 
what as schematically indicated in Figure 1 
where activity is plotted against time in 
operation. During operation the activity 
curve becomes nearly flat whether the unit is 
operated to produce 40 percent or 50 percent, 
or some other percentage yield of gasoline on 





case charge, as the operator may desire. It 
has been expected that the activity woulg 
gradually decrease to some point (indicateq 
by X in the diagram) where it would hecome 
uneconomic and should be replaced. Ag 
stated, for estimate purposes X has been 
arbitrarily fixed at six months. 

To date there have been three changes of 


catalyst, namely, at Magnolia Petroleum. 


Company’s No. 1 Houdry unit at Beay. 
mont, Texas, after nine months; Sun Qjj 
Company’s 12-3 Houdry unit at Marcys 
Hook, Pa., after 14 months and Socony. 
Vacuum Oil Company’s Houdry unit at 
Brooklyn after 12 months. 

However, some doubt has been cast on the 
theory that a Houdry catalyst will necesgar. 
ily deteriorate in use. Some refinery super. 
intendents whose Houdry units have been jn 
operation a long time inform the writer that 
after the brief initial shaking down period 
there has been no noticeable decline jp 
catalyst activity. Experience at the Socony- 
Vacuum unit at Buffalo, which has beep 
referred to above, is a case in point; here the 
monthly percentage yields during a sevep- 
months’ run have been almost monotonously 
regular except for small plus or minus varia- 
tions due to external circumstances, or to 
trade conditions that had to be met. 

Apparently, avoidance of progressive deter- 
ioration is largely a matter of adherence to 
proper operating conditions, which are now 
better understood than was the case in the 
early history of the process. 

NEW CATALYST 

The writer has been informed that the 
Houdry Process Corporation has developed 
a new catalyst which is now in production and 
will later on be available in quantity for 
particular purposes. Whereas the catalyst 
base previously in use was processed from 
natural clays or zeolitic materials, the new 
one is a purely synthetic product. The new 
catalyst has passed through the pilot plant 
stage, and while no commercial data are 
available it is said to have given evidence of 
the following qualities: It gives a better yield 
of gasoline from the same charging stock than 
the old one; the increased yield is said to be 
of the order of 10 to 20 percent. The motor 
gasoline produced is of a better quality in 
respect to lead susceptibility; it is also better 
in respect to color, gum, and acid heat. A 
very interesting fact is that the gas issuing 
from the catalyst case contains a more than 
ordinary proportion of isobutane, the ratio 
of the normal to the iso compound being 
of the order of 15:85. 

At present the new catalyst appears to be 
primarily adapted for treating gas oils and 
naphthas but its use will be extended to 
heavier charge stocks. 


RESEARCH 


At Marcus Hook the Houdry Process 
Corporation has just completed what is per 
haps the largest and most completely furn- 
ished laboratory in the world devoted exclu- 
sively to research on the catalytic treatment 
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of oils. This imposing institution was built at 
an approximate cost of $700,000. Besides 
extensive facilities for chemical synthesis of 
new materials and for the chemical and 
physical testing of these materials and their 
reaction products, there is an elaborate array 
of equipment for conducting experiments on 
catalytic refining on both small and semi- 
plant scales. About 110 technologists and 
operators of various classifications are em- 
ployed in research. This refers to research 
work only, and does not include operations of 
the old Houdry laboratory which has been 
taken over and operated by E. B. Badger & 
Sons Co. (licensing agents for the Houdry 
processes) for commercial evaluation work 
only. 

In passing through the workrooms of this 
institution the visitor will perhaps be less im- 
pressed by the obviously complete equipment 
than by a feeling that the researchers must 
have accumulated a great wealth of ideas to 
require such facilities for their working out. 
Evidently the Houdry Corporation has tang- 
ible reason to believe that new and worth- 
While developments are possible. The new 
catalyst above referred to is one fruit of this 
Intensive research. 
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Figure 2. 


The general layout of the Houdry combi- 
nation cracking - reforming -treating unit 
(known as the 12-3 plant) at Sun Oil Com- 
pany’s Marcus Hook refinery is shown on the 
accompanying flow diagram. 


COMBINATION 


The charge of cold crude goes through the 
more or less conventional topping and frac- 
tionating process to produce gas for the gas 
plant, straight run gasoline, naphtha for the 
reforming unit and a reduced crude for the 
catalytic cracking cases. 

In the new reforming member of this unit 
the straight run naphtha is first sent through a 
heater and then through the catalytic re- 
former cases. After exchanging heat with the 
bottoms from the crude charge flash tower 
the reformer vapors enter the reformer 
fractionator, which yields an overhead of gas 
and aviation gasoline base and a side stream 
from which motor naphtha is stripped; the 
bottoms from the reformer fractionator are a 
light gas oil. 

In the meantime the reduced crude from 





the crude fractionator passes through the 
previously described heaters, tar separator 
and Houdry catalytic cracking cases. The 
cracked product, which now has the character 
of a synthetic crude, passes through a syn- 
thetic crude fractionator for separation of 
gas, Houdry motor gasoline, light and heavy 
gas oils. 

The Houdry gasoline from the synthetic 
crude fractionator is now mixed with any 
available thermally cracked distillate from 
other departments of the refinery, and, after 
heat exchanging, is vaporized in a heater and 
passes through the previously described 
catalytic treater cases and goes into the 
treater fractionator for separating gas and 
motor gasoline. 

No yield figures from this catalytic crack- 
ing-reforming-treating system of the 12-3 
plant at Marcus Hook are as yet available for 
publication, as the unit has only recently been 
put in operation as a whole and has been 
deliberately operated in a way to determine 
certain factors regarding catalyst life, regen- 
eration, etc. The same applies to Sun Oil’s 
large Toledo polymerization unit at Toledo 
which is still only in its preliminary operating 
stage. 
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Naphtha Polyform-Gas Reversion Processes 
Yield High Octane and [Important War. 
Time Aromatics 


The Following Paper by J. E. 


Bogk. Phillips Petroleum Com- 


pany. P. Ostergaard. Gulf Oil 


Corp. and E. R. Smoley. The 


Lummus Company. is Now Being 


Delivered at the Annual Meeting 


of the American Petroleum Insti- 


tute—It Deals with Economie Use 


of Outside Gasses with Naphtha 


for Production of High Yields of 


High Octane Motor Fuel. 


WDurinc the past ten years antiknock 
improvement of motor fuel has been an im- 
portant factor in the trend toward better 
performance. Early improvement was along 
conventional lines, incorporating increased 
application of cracking, with attendant im- 
provements in still design, and the use of 
thermal reforming. More recently the octane 
number levels reached, have made it neces- 
sary to turn more and more to new processes. 
Catalytic and thermal gas polymerization are 
now in extensive use for augmenting motor 
fuel yield and raising the overall octane num- 
ber, and recently, catalytic cracking has been 
applied. Most of the new processes when used 
in conjunction with cracking operations, pro- 
vide more than merely additive improvement; 
a polymerization unit, for example, permits 
production of a higher octane number gasoline 
with a reduced penalty in the form of gas loss. 
However, in fully combining thermal cracking 
or reforming with thermal gas polymerization 
to effect both conversions wholly or partially 
in the same reaction zone, it has been found 
possible to elevate materially octane levels 
and improve economics well above those ob- 
tainable by conducting the conversion steps 
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separately. These processes, generally speak- 
ing, are carried out in more or less conven- 
tional thermal equipment and their effective- 
ness depends upon conducting the conversion 
steps under proper conditions. This paper is 
concerned with the joint conversion of 
naphtha and hydrocarbon gases to produce 
high yield of motor fuel with octane numbers 
in the range of 70 to 80 CFR-ASTM. 


GAS-NAPHTHA 


A brief review of the chemistry of gas poly- 
merization will aid in explaining the joint 
conversion of gas and naphtha. 

The thermal conversion into gasoline of 
propane, butane and the gaseous olefins, 
which represent the convertible part of still 
gases, is effected by heating them either singly 
or in mixture to a temperature in the range of 
800 to 1150 deg. F. while maintaining a 
pressure of 500-3000 lbs. per sq. in. in the 
reaction zone. 

Concentrated gaseous olefins—ethylene, 
propylene, butylene—polymerize directly 
into a high yield of motor fuel, the product 
being mainly higher olefins. The reaction is 


accelerated by pressure, and above 500 Ibs. 
will take place at or even below the usual oj] 
cracking temperatures. 

The conversion of the gaseous paraffins 
propane and butane, into gasoline is mor 
complicated. The paraffin first breaks up into 
smaller paraffin and olefin molecules, then the 
olefin molecules so formed undergo conversion 
into gasoline through concurrent olefin-olefiy 
polymerization and olefin-paraffin union 0; 
alkylation reactions. By cracking at loy 
pressure it is possible to convert propane or 
butane almost completely into lighter gaseous 
olefins and paraffins, but when the pressure js 
high the polymerization of these olefins 
follows closely on the heels of the cracking 
reaction and gasoline begins to form when 
only a small part of the original paraffin has 
been decomposed. As the time of residence in 
the cracking zone is increased, progressively 
larger quantities of gasoline range hydro- 
carbons are formed, the gasoline becomes 
richer in cyclic hydrocarbons, tar formation 
then begins and accelerates, until carbon 
formation becomes evident. The onset of 
carbon formation, as in conventional crack- 


TABLE I 


Operating Data of Naphtha-Gas Reversion Units 


Charge: 
Naphtha, percent 


Outside Gas Feed, percent on Naphtha. ssinieiatay 


Total Charge, percent on Naphtha......... 


Gasoline Yield: (Based on Naph. seneeeetl 
Percent 8.5 PSI-RVP at 100 7s. hae - 
API Gravity. ade 
— ASTM 


I «Shien cbdé nnd eohua ee aawek Cad meaeen ee 


50 percent 
ng percent... 


P eons ns 
Sulfur (lamp) ; : 
CFR-ASTM Oct. cS eee ; 

+lee TEL/Gal. ......... ea 
+2cc TEL/Gal. /[..... @ 6.5 # 
+3 cc TEL/Gal. 


Fuel Oil Yield— 
Percent on ‘eee a 
API Gravity. 
SFV @ 122 deg. F. 
BSXW. 


Naphtha Charge: 
ME oko scceensesecactna 
— ASTM 

IB 


Reasons Evap. at 212 deg. eee sacaacisigconese 
Aniline Point. Pea cedaon 

Percent Sulfur (lamp) Wales Oeaaue 
CFR-ASTM Oct. No.. 


Outside Gas Feed: 
Analysis, L. V. percent 


Total U nsaturates, L. V. percent. 
Sulfur (lamp). 





Run Run Run Run Run 
No. 1 No. 2 No. 3 No. 4 No. 5 
100.0 100.0 100.0 100.0 100.0 
es 100.0 100.0 100.0 100.0 100.0 
200.0 200.0 200.0 200. 0 200.0 
135 131 134 128 119.5 
61.3 59.5 62.0 61.5 59.8 
95 95 93 98 98 
és 125 143 123 132 137 
204 224 210 204 203 
353 347 345 339 $21 
102 410 106 108 105 
-06 02 .09 -10 09 
69.2 67.3 69.0 73.0 75.5 
74.2 73.6 74.0 77.1 79.1 
ha 78.0 78.0 78.0 79.8 81.2 
“* 80.5 80.6 80.5 81.0 82.6 


12. 
90.0 
0.2 
60.6 61.1 60.6 59.6 58.7 
.. 110 99 110 105 104 
. 156 150 160 157 162 
.. 244 242 250 255 261 
.. 364 366 375 400 110 
-. 424 423 428 416 150 
eer 34 eens 31 : 
133.2 132.8 133.9 136.2 134.2 
i a ee 12 d 
19.0 16.4 ares 19.4 
2.7 0.6 2.8 2.8 2.6 
9.7 2.9 11.0 23.9 13.9 
0.7 0.2 1.0 1.5 0.5 
14.9 12.5 52.3 54.4 38.6 
5.5 2.7 4.7 15.2 5.9 
32.2 74.3 26.0 2.2 35.5 
3.9 6.6 as 2.9 
0.4 0.2 et 0.1 
10.1 9.5 7.7 16.7 9.3 
EMEe Gikeek- -aheess 0.83 0.44 
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Charge: 
Naphtha 


Yields, Products and Operating Data of Naphtha Polyform Units With and Without Outside Gas 
Operation Number: 


1. Operating Data: 
a 


Outside Gas (F. 0.E) oduseapass 
Total bes papapina 
Yields: 
Gasoline... oe 
SU GAM... .2.scccss002- 
Tar.. ee 


Total... cccccccccsccccsccecs 
Temperature, deg. F. 

Charge to Furmace........... 
Product from Furmace........... 


Pressures, Lbs. /Sq. In.: 
Charge to Furmace............ 
Products from Furnace........ 
Fractionating System... . 


tities: 
Quatich Naphtha Circulation, B/D 
Gaseous Charge M-CFD 
Residue Gas M-CFD........... 


Laboratory Inspection: 


Gravity, deg. AP’ 

Distillation, ASTM............ 
O. P. at: deg. F. 
E. P. at: deg. F.. . 


Reid Vapor Pressure, Lbs. /Sq. In. 
NN nde i bee eine a0 ceded 
Gum-A = mg. = ae 
r Dish, mg./ oe uke echt 

p= Stability (E. G. C.) min. 
at 210 deg. F. 
Se MN TF i ccc se sneveseves 
Aniline Point, deg. F............. 


Viscosity, SUV at 100 deg. F., sec. . 

210 deg. F., sec. . 

130 deg. F., sec. . 

Carbon Residue, Conradson, per- 

r. PPPTRLELILIET EE 
B.S. & W., percent..... 

Pour, deg. F . 

Flash Point (P. M.), deg. F. ...... 
Octane Number, ASTM: clear 

+l ec. TEL......... 

+3 ec. TE 

Research: clear.............. 

We Gls We ccccseves 

+3 cc. TEL.. 


Gas Analysis: 


Specific Gravity (Air=1)...... ze 
Composition, percent by volume: 
Hydrogen and Methane...... 
EA SRR ae 


tke tnctaeh ence ena 








_ ee 


ing, sets a definite limit on the fraction of the 
original paraffin that can be decomposed per 
pass at high pressure in the conversion zone, 
making it necessary to recycle unreacted 


Polyforming Naphtha Polyforming Naphtha Polyforming Naphtha Polyformi 
—5%, —10% 15% — 


1 


(23.5-28.5% on 
E. Venez. Crude) 


BblL./DVol. % Wt. % 


Charge 
45.7 


318 
165 
329 
349 
109 





Tar 
16.1 
92 355 


386 
500 


hydrocarbons in order to obtain highest 


gasoline yields. The lightest products, me- 
thane and ethane, crack with great difficulty 
and, considered from the yield standpoint, 
should not be present in excessive amounts in 
the furnace charge. Olefins, as well as paraffins 


in the C;-C, range, are suitable for recycling. 

The yield of gasoline depends on the com- 
position of the charging stock, the tempera- 
ture, pressure and reaction time. 


limits, temperature and reaction time are 
interchangeable, short times and high tem- 
peratures giving approximately the same 
yield of gasoline as long times and low tem- 
peratures in recycle operation. Drastic time- 
temperatures make for a product rich in 
aromatics and with a high octane number. 
The individual paraffins differ widely in 
their resistance to the initial decomposition, 
becoming more refractory as their molecular 
weight decreases. Thus, propane requires 
about four times the reaction time at a given 
temperature to effect a stated amount of de- 
composition as does n-butane. 
propane or butane with olefins form gasoline 
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Mixtures of 


ISSUE 


Within 


19490 


(18.6-28.5% on 
E. Venez. Crude) 


BbL./D Vol. % Wt. % 


Charge 
47.9 


266 
431 
290 
311 
372 


TABLE II 


2 3 


(13.4-28.5% on 
E. Venez. Crude) 


Bbl./D Vol. % Wt. % Bbl./D Vol. % Wt.% Bbl./D Vol. % Wt.% Bbl./D Vol. % Wet. % 
100 100 4,000 100 100 4,000 100 100 2,515 100 100 1,11L 100 100 
avis “gens as ec due ae daden Senaee 2,286 90.9 96.9 1,894 170.5 188.9 
100 100 4,000 100 100 4,000 100 100 4,801 190.9 196.9 3,005 270.5. 288.9 
83.9 3.470 86.8 85.5 2.580 64.6 64.4 2,480 998.6 94.98 1,337 120.3 113.7 
9.0 9.4 336 8.4 9.0 709 17.7 19.5 2,118 84.22 88.43 1,565 140.9 156.9 
7.4 180 4.5 5.5 540 13.5 16.1 198 7.89 10.27 83 7.5 9.9 
100.3 100.0 3,986 99.7 100.0 3,829 95.8 100.0 4.796 190.71 193.68 2,985 268.7 280.5 
475 75 425 425 360 
1,080 1,085 1,125 1,075 1,040 
1,250 1,250 1,250 1,250 1,550 
1,000 1,000 1,000 1,000 950 
370-400 300-350 300-350 350 370-290 
9,000 9.030 12,100 12,100 6,660 
7,480 6,310 
2,025 1,910 4,220 8,420 6,440 
Dist. Tar Charge Dist. Tar Charge Dist. Tar Charge Dist. Tar Charge Dist. Tar 
52.0 22.9 50.8 53.9 17.4 47.9 48.5 18.8 51.8 58.8 9.5 51.3 61.9 8.7 
100 375 230 96 348 266 98 352 160 91 158 91 
104 412 400 431 106 116 109 126 378 
152 419 258 140 393 290 152 408 236 126 255 106 
282 510 286 259 511 311 270 518 324 228 325 196 
349 358 335 372 336 107 366 380 330 
8.2 10.0 7.5 1.7 10.2 
+1 +14 +2 +18 +30 +26 +30 
7.4 6.0 1 5 
55 12 10 79 
180 165 155 45 30 
89 2 92 101 2 95 3 115 
71 116 71 39 136 96 130 5 
oesae 41 is 48 ° 47 1,044 447 
eee uh << Sere see | ea PS eh 5.9 12.78 
aoe 0.2 ‘on 0.2 inne aataee 0.6 ; 0.2 0.25 
aces BOO See weg ae Seca wah peices 
76.1 19.7 76.1 47.3 80.1 39 75.2 36.9 76.7 a 
82.0 59.6 82.7 56.9 83.7 80.8 80.7 TA 
84.4 70.5 85.1 66.1 85.6 83.4 83.5 > = 
86.4 51.5 85.5 50.1 92.7 88.0 88.2 ed 
91.2 60.1 92.2 58.3 96.4 92.1 92.0 F © 
94.8 71.3 94.8 70.0 98.0 94.7 95.0 & = 
Residue Feed Residue Feed Residue Feed Residue Feed Residue 
are ee ee 0.690 ae 1.11 0.918 1.18 0.959 
a Geuee:- waeen ane ee seses 36.5 46.7 30.2 41.5 
8.9 ie eawnt 6.8 2.8 5.4 3.0 3.7 
27.8 _ * merrere 23.0 13.6 23.8 18.6 25.8 
1.0 a, eee , 8.7 5.8 10.2 7.2 
3.4 1.6 1.8 24.0 15.4 19.4 16.2 
vane oeeang as 4.8 ‘ 6.7 1.9 
heb. eaeee 2k SON eS -eee 7.5 2.9 , 8.3 3.6 
tsés aha | ee emt te ere 1.7 . 3.6 
jean kwrdus ine eneee  epues a ee 0.4 
Se sicde aaa De stive 8 ‘Meade GH ssaxe - —_ ‘ 
Sci welsee  <S0hbe ° ) Seexe “aewan wk weeee 100 100 100 100 


at conditions intermediate to those for either 
olefins or paraffins alone and are responsive 
to high pressures, which favor alkylation 
reactions and high yields. 


The decomposition rates of propane and 


butane, as well as some naphthas, are shown 
plotted against temperature in Fig. 1. These 
constants were calculated by substituting 
the proper values in the equation for a first- 
order reaction: 


2.303 
k=— - log ——_——_— 
t 100—x 


(sec) 





where ¢ is reaction time in seconds and x is the 
percent of the hydrocarbon destroyed. The 
values of ¢ and x have been determined exper- 
imentally by maintaining the hydrocarbons 
under known conditions of temperature and 
time and determining the extent of decom- 
position from analyses of the products ob- 
tained. The decomposition rate doubles for an 
increase in temperature of 25-30 deg. F. The 
effect of pressure on the decomposition rate of 
saturated material is small. High pressure 
serves mainly to accelerate the gasoline- 
forming olefin polymerization and alkylation 
reactions, and highest per-pass as well as 
ultimate gasoline yields are obtained at the 
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highest pressures. At a pressure of 2,500 lbs. 
per sq. in. a per-pass gasoline yield amounting 
to approximately 15 and eight percent by 
liquid volume from butane and propane, re- 
spectively, can be obtained before carbon 
formation becomes marked. At somewhat 
lower pressures, 1,000-1,500 lbs., the maxi- 
mum obtainable gasoline yield per pass de- 
creases slightly. 

In Figure 2 is shown the ultimate yield of 
gasoline from propane and butane cracked at 
2,500 and 1,500 lbs. pressure plotted against 
the recycle ratio resulting when all of the 
C; and C, hydrocarbons surviving passage 
through the reaction zone are recycled. These 
values were calculated from _ single-pass 
experimental data and the range covered is 
fairly broad. Carbon formation would prob- 
ably be encountered if propane were cracked 
with low recycle ratios in the order of one or 
two. The trends shown indicate a marked 
yield improvement as conversion per pass is 
decreased, i.e., recycle ratio increased. 

The charging stock composition affects not 
only the yield but the character of the gaso- 
line formed. The gasoline-forming reactions 
must proceed under the same time-tempera- 
ture conditions as are needed to effect the 
initial decomposition of the original charging 
stock. Consequently, gasoline formed by 
cracking propane under high conversion 
conditions has been subjected to much more 
drastic conditions of time-temperature than a 
similar product from n-butane. As a result of 
this, the gasoline from propane cracking will 
usually contain larger percentages of the 
heat-stable cyclic and aromatic compounds. 

The reactions leading to the formation of 
gasoline and heavier products are complex 
and not well understood. As stated previously, 
olefins when in concentrated form readily 


polymerize to yield higher-boiling products 
which are largely olefinic. This reaction is 
sensitive to pressure, and as the concentration 
of the olefins is reduced by paraffin diluents, 
higher pressures are required to maintain 


reaction velocity. If reaction temperature is 
increased the tendency to form cyclics which 


may dehydrogenate to aromatics becomes 
marked. The olefin polymerization reaction 
velocity is doubled for a temperature increase 
of approximately 45 deg. F. This compares 
with 30 deg. F. to double the initial decom- 


position reactions. Consequently, as temper- 


ature is increased cracking tends to outstrip 


the polymerization and the olefin content of 


the effluent gases from the reaction coil in- 


creases. 
In addition to olefin-olefin polymerization, 


alkylation reactions wherein gaseous olefins, 


particularly ethylene, react directly with 
paraffins to yield higher-boiling paraffins also 
proceed. These reactions are also accelerated 
by increased pressure and temperature, the 
rate doubling for a temperature increase of 


approximately 40 deg. F. Under favorable 


conditions of high pressure, moderate tem- 
perature and high cycle ratio, a substantial 
part of the gasoline may be formed through 
these alkylation reactions. 

Products boiling above the gasoline range 
probably are formed from the gasoline 
through a series of reactions involving olefin 
polymerization, cyclization, aromatization, 
and condensation. Coke formation closely 


follows tar formation and probably results 


from the coking of high-boiling tars which 
have reached their dew-point and are pre- 
cipitated on the tube walls. 

An inspection of Figure 1 brings out that 
naphtha is much less refractory than satur- 
ated propane or butane. A mixture of naphtha 
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and propane, for example, must be converted 
at a time-temperature no more than sui‘icient 
to effect extensive once-through reconstruct- 
ing of the naphtha, short of coking. This 
automatically dictates a limited destruction 
of the accompanying propane, which (or its 
complete conversion, must be recycled in a 
volume 7 to 10 times the net volume supplied. 
Butane, being less refractory, requires « 3 to 5 
ratio. These ratios are somewhat lower than 
would be calculated for the individual velocity 
constants given in Figure 1, since in mixtures 
some cooperation is obtained, in that crack- 
ing velocity of the propane and butane is jp. 
creased, and these hydrocarbons are also con- 
sumed by alkylation and other synthesis 
reactions. Figure 2 brings out that high re. 
cycle ratios make for high ultimate gasoline 
yield from gaseous paraffins. 

The admixed gases in addition have a 
pronounced physical effect on the naphtha 
reforming which takes place concurrently 
with gas polymerization. In reforming naph- 
tha alone, the octane number of the motor 
fuel increases as the severity of the thermal 
treatment increases up to the point where 
coke formation sets in, placing a limit on the 
degree of conversion. Coke formation js 
usually ascribed to the development of tar 
in increased amount and of increasingly high 
dew-point which at length deposits as a liquid 
phase and goes to coke in situ. The reduction 
of partial pressure deters tar condensation, 
and at pressures of 1,000 Ibs. more or less, the 
gases tend further to deter tar deposition by 
reducing the critical temperature and lower- 
ing the dew-point. 

For the reasons given, conversion condi- 
tions at 1,000 lbs. pressure, for example, can 
be made quite drastic with attendant octane 
number improvement, when gas conversion 








TABLE Ill 
Yield Analysis From Polyforming Mid-Continent Naphtha With Outside Gas Charge 
Operation 5 6 
Volume Volume 
Bbl./D Percent Bbl./D Percent 
of Naphtha of Naphtha 
Charge: 
a ea dh we ide ie ight 2,515 100.0 1,110 100.0 
Outside Gas F. 0. E............... 2,286 9.0 1,894 170.5 
NT ict haces sakcaeee 4,801 190.9 3,005 270.5 
Yields: 
END, 6 ica 6 seve seacsecnvensee 2,480 98.6 1,337 120.3 
Gas..... eee an aRets Ri edewae siee «es 2,118 84.2 1,565 140.9 
Dc Pag hécieeaatasksawenhehberk 198 7.89 83 7.5 
Total 4,796 190.71 2,985 268.7 
C; in outside feed gas. . 1,575 1,197 
C3; in residue gas..... awe 1,150 972 
C; im net gas charge ................ 425 ie 225 
C, in outside feed gas............... 680 698 
C, in residue gas. . 185 220 
C, im met gas charge................ 495 478 
Total C; and Cy charge 920 703 
Cs in outside gas... .. eine 110 1146 
Gasoline from: 
Ce. amd C. one Good... ..........%.. wl 16.0 312 28.1 
Cs+ in outside gas............... 110 4.4 146 13.2 
Naphtha........ 1,969 78.2 879 79.0 
BEGGS. is atvestbe weep alan 2.480 98.6 1,337 120.3 
Ratio—C; and C;—Naphtha Feed 365 635 
Percent in net gas feed.............. 16.5 32.0 
Percent C; in net gas feed............ 53.5 68.0 
Yields of distillate from 
C; and C, net gas charge.......... 43.5 44.3 
O. N. CFR-ASTM of total distillate . . 75.2 76.7 
WORLD PETROLEU® 
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stock is admixed with naphtha in sufficient 
relative amount, usually in excess of volume 
for volume, to produce the physical effects 
described. The chemistry of the joint conver- 
sion reaction is imperfectly understood. It is 
certain that a large fraction of the naphtha, 
with drastic but non-coking conditions, is 
converted into gaseous olefins and some 
paraffins. These, together with the gaseous 
hydrocarbons introduced, undergo gas poly- 
merization with olefin polymerization predom- 
inating and alkylation taking place to a minor 
degree. As more naphtha breaks up, more 
polymer gasoline forms, supplementing the 
gasoline resulting from reconstructing reac- 
tions of the naphtha itself. 

Mild operating conditions are indicated 
when higher yield at a lower octane number 
level is the result desired. Gas loss from the 
naphtha can in this way be reduced. However, 
as even more lenient conditions are imposed 
on the gas conversion, a point can be reached 
where the recycle ratios for butane and pro- 
pane are economically excessive and only 
gaseous olefins can contribute substantial 
polymerization per-pass yields. This process is 
inherently limited in flexibility with respect 
to gaseous feed stock to the extent that the 
naphtha dictates either its volume or convert- 
ibility, but ordinarily presents a favorable 
picture at high octane levels and with readily 
convertible or internally produced gas feed. 

Tn another process arrangement to be 
discussed the gas conversion stock passes 
first through a thermal polymerization coil, 
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FIG. 3 : 
SCHEMATIC FLOW DIAGRAM 


NAPHTHA - GAS REVERSION UNIT 


naphtha is admixed, and the blended stream 
passes through a second coil where joint con- 
version is effected. 

In this modification the reaction conditions 
set forth above in connection with gas poly- 
merization are applicable to the gas conver- 
sion step. The second stage differs from the 
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naphtha-gas conversion step mainly in respect 
to two features—the incoming gases may con- 
tain tar in appreciable amounts and polymer 
gasoline is present. The severity of the conver- 
sion applied to the naphtha needs to be mod- 
erated to minimize polymer destruction when 
the preceding gas conversion has been severe 
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The 8,000 ton combined plate bendin 
and roll shown below is typical of th 
special machines designed and made 


for the fabrication of pressure vessels 


Class One Fusion Welded Pressure Vessels in course of 


construction showing the 400,000 volt X-ray equipment. 


asa 


BL SCOCH 














LL Babcock Welded Vessels are manu- 
A factured to LLOYD'S, API - ASME, 
ASME or other recognised codes and are 
subject to inspection by all the leading 
insurance companies or other official 
bodies. 

Our Works are particularly well equipped 
for the construction of reaction chambers, 
coking chambers, flash chambers, fraction- 
ating columns, strippers, evaporators, heat 
exchangers, condensers, and all vessels 
included in oil refinery and treatment 
plants. 

Our erection facilities throughout the 
world are unsurpassed. The illustration 
to the right shows a vacuum fractionating 
column being lifted into position, whilst 
below is a part shipment of oil refinery 
equipment recently despatched to Latin 


America. 
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enough to produce tar, which sets back the polymerization step can be selected for any 
coking threshold. Gas tar can be reduced or composition of gaseous feed. To produce 


effectively eliminated by retreating a short maximum yields and intermediate octane 
way from optimum per-pass yield in the number, this process allows of moderating 
polymerization step; this process then ap- independently conversion conditions on the 
proaches the single stage process. naphtha to any degree, relying on the gas 


Desirable conversion conditions in the conversion step to convert the gas efficiently. 
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COMMERCIAL APPLICATION 


The two processes presented in the paper, 
namely naphtha gas reversion and naphtha 
polyforming, are thermal processes in which 
the naphtha to be reformed is converted into 
70 to 80 CFR-ASTM number gasoline in a 
conversion zone in a mixture with C, and C, 
hydrocarbons. The residue gas from these 
operations is practically free of butane and 
has a specific gravity varying from .65 to 0.9 
depending upon desired propane conversion. 
The two processes differ in the way the 
naphtha is introduced into the furnace 
stream. With the gas reversion process the 
C; and C, hydrocarbon furnace charge is first 
subjected to a partial conversion before the 
preheated naphtha is injected into this stream. 
The final conversion, polymerization, and 
other side reactions of and between the gas- 
eous hydrocarbons and the naphtha take 
place in a commcn soaking section. With the 
naphtha polyform process, a mixture of 
naphtha and C; and C, hydrocarbons is pre- 
heated and passed together through the 
entire heater coil. The conversion, polymeriz- 
ation, and other side reactions of and between 
the gaseous charge and the naphtha progress 
concurrently. Various modifications and com- 
binations of the foregoing have been adopted 
commercially and provide efficient utilization 
of the principles of gas-naphtha conversion. 
Maximum results have been secured from the 
various combinations of stocks that have 
been available. This includes the conversion 
to gasoline of appreciable quantities of satu- 
rated propane and butane. 

Figures 3 and 4 represent the basic flow 
diagrams of these two processes. The revel 
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sion process combines a virgin and a recycle 
liquefied gas fraction, which is first preheated 
and then passed through the gas conversion 
portion of the coil where time-temperature 
conditions are varied in accordance with the 
composition of the stock. The preheated 
naphtha stream is injected into the gaseous 
stream at the optimum point and the mixture 
then passes through the remainder of the coil 
where proper conditions are maintained to 
effect further gas conversion reactions simul- 
taneously with conversion of the naphtha. 
Coil outlet products are cooled through 
charge stock exchangers where quench oil is 
introduced as a temperature control medium. 
Subsequent fractionation is arranged to re- 
lease uncondensible gases in the first step 
with the recovery of C; and C;, recycle liquid 
and resultant stabilization of product occur- 
ing in the second step. Depending upon the 
desired degree of propane conversion, recycle 
liquefied gas may be recovered by absorption 
from the stabilizer and possibly the high 
pressure tower residue gas streams. 
stabilizer bottoms are separated into gasoline, 
quench oil and fuel oil by a rerun operation. 
The absorption and rerun steps may or may 
not be incorporated in the unit proper. 

The polyform flow utilizes the naphtha 
charge as an absorption oil to absorb the 
uncondensed C; and C, recycle from the 
residue gas leaving the stabilizer condenser. 
The liquefied C; and C, recycle stock from the 
stabilizer overhead condenser is mixed with 
the rich naphtha in the base of the absorber. 
The rich naphtha from the base of the 
absorber is preheated and then charged 
through the furnace. The effluent from the 
furnace is quenched with fractionator bot- 
toms, flashed to remove tar and then fraction- 
ated and stabilized to end point gasoline. 
The uncondensed residue gas and recycle 
stock from ihe stabilizer overhead condenser 
are the gaseous feed to the absorber. 
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NAPHTHA - GAS REVERSION 
YIELDS WHEN CHARGING OUTSIDE 
GAS IN LIQUID VOLUME EQUAL To 
THE NAPHTHA VOLUME. BASED 
ON RESULTS FROM COMMERCIAL 
OPERATIONS AS INDICATED IN | 
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FIGURE 6. 
NAPHTHA POLYFORM UNIT 
WITH OUTSIDE GAS CHARGE 
TABLE IV 
Properties of 5%, 10% and 15% Naphtha Cuts and of Total Gasoline Cut from 
Eastern Venezuela Crude 
Total 
Naphtha Naphtha Naphtha Gasoline 
Percentage on Crude...... 23.5 to 28.5 18.5 to 28.5 13.5 to 28.5 28.5 
Gravity: deg. API Pea 45.7 7.9 50.8 60.5 
Vapor Pressure at 100 deg. F. . - -  “jmteienibia RR 9.6 
Aniline Point: deg. F. ree ry 126 136 116 120 
Acid Heat: deg. F.......... paaee 3 2 2 3 
Sulfur: B—percent 0.05 0.03 0.1 0.01 
ASTM Distillation: 
Over Point: deg. F............. 315 266 230 101 
4k SS ee 465 431 412 412 
10 percent at: deg. F............. 329 290 258 158 
50 percent at: deg. F.......... 349 311 286 240 
90 percent at: deg. F... 409 372 358 342 
Octane Numbers: 
CFR-ASTM: Clear. . apekveseus 40.9 47.3 49.7 59.9 
+1 cc/Gal.—TEL......... — 50.0 56.9 59.6 
+3 ec/Gal.—TEL.. 60.6 66.1 70.5 
CFR-Research: Clear 46.0 50.1 51.5 
+1 cc/Gal.—TEL...... - 49.8 3 60.1 
+3 cc/Gal.—TEL..... 62.5 70.0 71.3 
Uniontown Road: Clear 
+1 ec/Gal.—TEL 55.5 
+3 ce/Gal.—TEL.......... 67.5 
The FIG. 8 
YIELD - OCTANE RELATIONSHIPS FOR NAPHTHA - GAS REVERSION AND REFORMING 
OF STR RUN GASOLINE FROM GRAY & HUTCHINSON COUNTY, TEXAS CRUDES 
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Figure 9: Yield-octane relationship from polyforming and thermal reforming of 57 deg. 
API West Texas gasoline. 


With outside gas feed, a second absorber 
may be added for absorbing the C; and C, 
hydrocarbons from this source. Gas oil from 
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FIGURE 1} - COMPARISON OF OCTANE NUMBERS 
AND T.EL. SUSCEPTIBILITY FOR POLYFORMED AND 
THERMAL REFORMED GASOLINE FROM 50/50 
MIXTURE OF MID-CONTINENT AND PENNSYLVANIA 


NAPHTHA FOR SAME YIELD. 
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the bottom of the fractionator is used as an 
absorbing medium. This enriched gas oil is 
then used as quench for the furnace outlet. 


T 





By introducing the gaseous feed to the unit 
in this manner, any pentane and heavier 
hydrocarbons in the ouside gas feed are 
fractionated out in the stabilizer bottoms 
products and not included in the furnace feed, 
This prevents a yield loss due to conversion of 
pentane. 

Operating conditions will vary according to 
the type of operation. For example, the 
naphtha gas reversion process will normally 
operate from 1,020 deg. F. to 1,120 deg. F, 
maximum in the gas conversion section, and 
960 deg. F. to 1,060 deg. F. maximum in the 
reversion section. Outlet pressure on the coil 
will vary from 1,500 to 2,200 lbs. per sq. in, 
The naphtha polyform process operates 
normally between 1,025 deg. F. and 1,125 
deg. F. maximum temperature and around 
1,000 to 2,000 lbs. per sq. in. outlet pressure, 

The equipment employed in both procesges 
is entirely conventional, and, while furnace 
coils and transfer line exchangers operate at 
high pressures, no difficulties have been expe- 
rienced in the design, operation, or mainte- 
nance of this equipment. Separating and frac- 
tionating equipment is operated at pressures 
which permit the use of ordinary temperature 
cooling water for condensation, and also the 
absorption of recycle from residue gases with- 
out resorting to the use of recompression or 
refrigeration. 

The gas reversion and polyform processes 
described in this paper represent marked 
technical advances over conventional thermal 
polymerization and conventional thermal 
reforming, respectively, yet are adaptable for 
use in standard process equipment, with 
comparatively slight modification. This 
adaptability is in fact one of the outstanding 
advantages of these new processes. In addi- 
tion, the operation of these units does not 
present any problems which have not already 
been encountered in the average refinery. 

These units are also self-contained produc- 
ing only stabilized distillate, fuel oil, and dry 
fuel gas, and no auxiliary equipment such as 
distillate stabilization and gas _ recovery 
plants are required. In several cases installa- 
tion of gas-naphtha conversion units have 


ABLE V 


Comparison of Octane Numbers, Lead Susceptibility, and Blending Values of Naphtha 
Polyform Gasoline and Distillate from Thermal Polymerization of Propanes and Butanes 


Makeup of Blend: Volume Percent 











Polyform Gasoline............ cae Ge 10 0 25 0 50 0 75 0 
Thermal Polymerization Gasoline... . 100 0 10 0 25 0 50 0 75 
Mid-Continent Straight Run Gasoline 100 90 90 75 75 50 50 25 25 
Octane No. CFR-ASTM: Clear ....... 76.9 78.1 56.3 58.4 59.9 63.6 63.7 69.5 69.9 73.7 75.0 
:+1 cc. TEL/Gal......... 81.3 80.4 67.0 68.7 68.3 72.5 71.3 76.6 75.4 79.9 788 
:+3 cc. TEL/Gal.......... 83.7 83.3 76.2 77.9 77.6 79.8 79.1 81.8 81.2 83.1 82.2 
Octane No., CFR-Research: Clear . 87.1 BB.4 61.1 60.9 64.7 66.7 74.0 74.0 81.4 816 
:+1 cc. TEL/Gal......... 92.1 92.4 66.3 70.4 70.4 74.0 75.3 80.8 81.5 88.6 87.5 
:+3 ce. TEL/Gal......... 95.0 95.3 76.3 80.0 78.4 82.4 82.0 87.1 87.0 91.8 914 
Road Rating: 1940 Plymouth: Clear 81.0 83.5 56.5 58.5 58.5 60.5 61.0 67.0 69.5 75.5 79.5 
:+1 cc. TEL/Gal......... 86.5 85.5 66.0 67.0 67.0 70.5 69.5 74.5 75.0 82.5 83.0 
:+3 cc. TEL/Gal......... 90.0 88.0 76.0 79.5 76.5 81.5 78.5 84.5 81.5 87.5 86.5 
Oe eee 61.5 62.9 64.9 
Reid Vapor Pressure, 100 deg. F.: PSI. 10.1 10.0 8.2 
COO S Fees --+-- $18 +25 +30 
Sulfur, L: percent.......... . 002 0.12 O01 
So i ain denn nig w ee bee 85 3 
Aniline Point: deg. F................. 86 99 «#137 
Distillation: 
cover Weemts Gag. Fe... cc cccccccucs 88 94 95 
End Point: deg. F.................378 437 358 
10 percent at: deg. F............ 119 §6©6122) «6147 
Le SRaPIR ge 5S Rey ea 197 169 
3 


328. 
rere 97.5 98.5 97.5 
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enabled the refinery to shut down existing 
gas plant operations with resulting savings. 
TREATING 

Distillate from these operations can be clay 
treated in conventional manner to 30+ color 
gasoline. The clay treatment usually results 
jn an increase in CFR-ASTM octane of from 
0.5 to 0.7 octane number, a decrease in acid 
heat and an increase in inhibitor response, 
inhibitor requirements being reduced approx- 
imately 25 to 50 percent, depending upon 
type of inhibitor used. The yields of clay 
treated distillate are of the order of 3,000 to 
5,000 bbl. per ton of clay depending on sulfur 
content and other properties of the stock 
treated. The clay treating is followed by a 
slight reduction in yield due to production of 
polymers usually in the range of one-half to 
two percent. 

High octane polyform distillates can be 
acid treated to reduce acid heat, increase 
oxygen stability, reduce gum content, im- 
prove color stability and to increase load 
susceptibility. 

This type of distillate can be sweetened 
with conventional processes. Typical results 
of liquid copper sweetening of gas reversion 
distillates are shown in Table V. It should be 
noticed that the octane number is not affected 
by this method of sweetening. 


PROPERTIES 


The octane-yield relationship of naphtha 
gas reversion distillates and naphtha polyform 
distillates is clearly indicated in Figures 8, 9, 
and 10. 

In Figure 8 is shown the CFR-ASTM 
octane numbers of gas reversion distillates of 
various octane numbers ranging from 67.3 to 
75.5 both clear and with 1 ec, 2 cc, and 3 ce 
per gallon of T. E. L. 

Figure 9 indicates the octane-yield relation- 
ship for a thermal reformed distillate and a 
polyform distillate from the same stock, a 
57.9 deg. API West Texas gasoline with 
characteristics as shown. This figure indicates 
the large gain in either yield or octane num- 
ber which may be obtained by the polyform 
operation. 

Figure 10 illustrates the octane-yield 
relationship from polyforming naphthas of 
different boiling ranges from Eastern Vene- 
zuela crude. The appreciation from the ASTM 
to Research and Road Octane Numbers is 
clearly illustrated by this figure. The CFR 
Road octanes and the CFR Research octanes 
of distillates of the same CFR-ASTM octane 
number from the different types of naphthas 
are of the same numerical order. 

Figure 11 shows the lead susceptibility of a 
71.7 octane CFR-ASTM distillate from 
thermal reforming of a 50-50 mixture of Mid- 
Continent and Pennsylvania naphthas com- 
pared with the lead susceptibility of a 77 
octane number CFR-ASTM polyform distil- 
late from the same naphtha charge. 

The high octane number, blending value, 
and general characteristics of gasoline from 
the thermal polymerization of C; and C, 
hydrocarbons are well known. Because naph- 
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YIELD — OCTANE RELATIONSHIP FROM POLY FORMING 


VARIOUS NAPHTHA CUTS FROM EASTERN VENEZUELA CRUDE 
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UNIT INVESTMENT COSTS OF NAPHTHA 
POLYFORM AND GAS REVERSION PLANTS 
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tha polyform distillates have octane numbers 
of the same order as those of thermal polymer, 
the CFR-ASTM, CFR-Research and CFR- 
Road octanes of both types of gasolines were 
secured for comparison. This comparison is 
presented in Table V, and it should be noted 


S Riefere 


Percent of 76.6 CFR-ASTM Octane No. 
Polyform Gasoline in Blend 


INSPECTION OF BLEND COMPONENTS 














Polyform St.Run Mid-Continent A-5 Reference 
Gasoline Gasoline Naphtha Fuel 
Gravity: °API 59.8 69.6 61.5 
Octane No., CFR-ASTM 76.6 60.6 36.0 40.4 
Vapor Pressure: PSI 10.6 13.5 2.5 
Distillation, Gasoline 
Over Point: °F. 85 82 144 
End Point: °F, 391 334 474 
10% at: °F. 127 128 234 
50 229 212 328 
90 351 306 420 
Recovery 96 94 99 
Pig... 12 
Blending Value of 76.5 C.F.R. - A.S.T.M. Octane No. Polyform Gasoline in: 


(1) A-B Reference Fuel; (2) 51.6° A.P.I. Mid-Continent Naphtha, and 


(3) 69.6° A.P.I. 


Straight Run Mid-Continent Gasoline. 


that there is very little difference in the 
general characteristics and lead susceptibility 
of these distillates. This table also indicates 
that the lead susceptibility is possibly slightly 
better for the polyform distillate. 

Typical blending values of naphtha gas 
converted gasoline are illustrated in Figure 12 
showing the blending value of a 76.5 octane 
number polyformed distillate in blends with 
A-5 reference fuel and with a 69.6 deg. API 
straight run Mid-Continent gasoline with a 
51.5 deg. API Mid-Continent naphtha. 

The blending value of these distillates with 
cracked distillates varies with the octane 
number of the cracked distillates and the 
proportions of the blends. 

In blends with low octane cracked distill- 
ates up to 66 CFR-ASTM octane number the 
polyform gasoline shows a positive blending 
value. In blends of higher octane cracked 
distillates the blending value of the poly- 
formed distillate is approximately equal to 
its octane number. Figure 13 shows blends of 
a straight run gasoline, a cracked gasoline, 
and a naphtha polyformed gasoline with 
inspections as indicated in the figure. 

The CFR-ASTM and CFR-Research 
octane numbers of blends in any desired 
proportions of the three components can be 
read directly from the charts. Results are 
shown for clear octane numbers and with 1.5 
ec. T. E. L. per gallon. 


OPERATION 


Gas reversion has been in full scale opera- 
tion in the Phillips Petroleum Company 
refineries for several years and six units are 
in regular operation representing a total 
charging capacity of 26,000 bbl. per day con- 
sisting of one-half liquefied gas and one-half 
reversion stocks. Units are readily adjusted 
for variations in quality or type of charge 
stocks and can be operated over wide ranges 
of throughputs. These units operate on 
approximately 2,100 hour cycles and have a 
stream time efficiency in excess of 95 percent. 
All equipment used in these plants is of a 
commercial nature. Operation, clean-out, and 
maintenance expenses are comparable with 
commercial reforming units. 

The naphtha polyform process has been in 
commercial operation for over four years in 
the various refineries of the Gulf Oil Corpora- 
tion. In four installations a total charge of 
12,000 bbl. per day of naphtha, propane, and 
butanes are processed. These units operate 
2,000 to 2,500 hours between clean-outs. 
Under construction at present are one 4,000 
bbl. per day unit for the Gulf Oil Corporation 
and one unit for a Gulf Coast refiner by The 
Lummus Company. This latter unit is de- 
signed to charge 9,000 bbl. per day naphtha 
and 4,000 bbl. per day outside propanes and 
butanes. Total charging capacity of naphtha- 
gas conversion units operating and under 
construction, amounts to 55,000 bbl. per day. 
Typical flow sheets of reversion and of 
naphtha polyforming operations are shown 
in Figures 5, 6 and 7. These flows are more 
detailed than the fundamental diagrams 
given in Figures 3 and 4, and are included 
here for reference purposes. 

Yield-octane relationships, including sus- 





ceptibility to tetraethyl lead additions, from 
reversion operations on straight run gasoline 
are given in Figure 8. The curves presenteq 
are based on charging an equal volume of 
liquefied gas for each volume of naphtha 
charged, and yields are expressed as a percent. 
age of naphtha charge. Inspection of charge 
and yield products from these operations js 
shown in Table I. It should be noted that 
the C; and C, content of the outside gas 
charge varies from 72 to 97 percent. Neither 
this variation nor the ratio of C; to C, in the 
charge seem to affect appreciably the genera] 
yield-octane curve. Gasoline yields of from 
120 to 135 percent and ASTM octanes oj 
from 75.5 to 67.3 are shown. These inspections 
are taken from full scale commercial! opera. 
tions under normal operating conditions and 
have been adjusted to equal charge volumes 
in order that direct comparison of yield. 
octane relationships may be made. Gasoline 
inspections shown are on plant treated, 
copper sweetened material. The reversion 
charge stock is a straight run gasoline from 
Gray and Hutchinson Counties, Texas, 
crude. Figure 8 also shows yield-octane 
relations for conventional thermal reforming 
and for reforming plus thermal polymeriza- 
tion of produced gases as a reference. Similar 
operations on naphthas of different boiling 
ranges have been conducted with comparable 
results. 

Yield and octane data from polyform oper- 
ations on different stocks are shown in 
Figures 9, 10, and 11 and Tables II and III, 
Figure 9 compares yield and octane when 
converting a 57.9 API gravity West Texas 
straight run gasoline by thermal reforming 
and polyforming. 

Figure 10 is a similar relationship based on 
a more complete series of polyforming runs on 
naphtha from Eastern Venezuela crude hay- 
ing distillations as indicated in Table IV. 
The three naphthas are a five percent, a 
10 percent, and a 15 percent fraction of the 
crude. The curves show the CFR-ASTM, 
CFR-Research, and CFR-1937 Uniontown 
Road octane numbers of the polyform dis- 
tillates, clear, and with 1 ce and with 3 ce 
T. E. L. per gallon. Table II gives complete 
operating data and charge and _ product 
inspections from polyforming separately these 
naphthas to approximately 76 CFR-ASTM 
octane number. The yield of the 76 octane 
distillate is highest from the 15 percent 
naphtha with the lowest boiling range and 
decreases as the boiling range of the naphtha 
is increased. Although the octane numbers o/ 
the polyform distillates are approximately the 
same, the distillation characteristics are quite 
different. The distillate from the heaviest 
naphtha has a higher boiling range than the 
distillate from the lower boiling naphthas. 
These data show very little difference in the 
appreciation from ASTM to Road and Re 
search octanes of the different boiling range 
distillates having the same original octane 
number. 

By suitable variation of operating condi- 
tions, the polyform process makes it possible 
to produce a distillate containing a high 
aromatic content, even as much as appro% 
imately 40 percent. 
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Proper I 


Naphtha Thermal Str. 
Polyform Crkd. Run 








Gas. Gas. Gas. 
Grav.. °A.P.1. 58.7 62.1 68.1 
4STM Distillation 
‘Overpoint. °F 90 87 86 
Endpoint.°F 414 384 322 
Percent ~~ 
illed at 
10 124 125 142 
50 257 241 217 
384 350 287 
very. 7 97 o7 
ieiter, o 0.04 0.06 0.05 
tane, 
CPR-ASTM 69.0 60.0 
Octane. : m 
CFR-Res'ch 87.2 78.0 60.0 
Octane, 
CFR-AST™. 
and But! 80.0 76.0 72.5 
Octane, : 
CFR—Res‘ch 
and BuTx! 92.8 85.2 T4.4 


Additional data in this table cover two 
operations, 5 and 6, on naphtha polyform 
units with outside gas charge. The variation 
in yields and in octane number of the products 
from these two runs are explained by differ- 
ence in composition and quantity of C; and C, 
converted. Yield analysis for these two opera- 
tions showing estimated source of total 
gasoline is given in Table III. 


ECONOMICS 


The commercial application of any new 
process regardless of improved results ob- 
tained must be justified on an economic basis. 
Inevaluating the economics of these processes, 
the trend to higher octane motor fuels and the 
conservation of petroleum are important 
factors. 

Gas-naphtha conversion offers improve- 
ments in yield and quality over those now 
being obtained from equivalent volumes of 
charge, therefore, the economics of this new 
application are of interest. 

While there are numerous variables to be 


cost, #/eBL. OF NAPHTHA CHARGE 
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considered in any specific case preliminary 
studies may be informative. With this in 
mind two curves are presented from which 
the approximate investment and operating 
cost of a commercial unit may be evolved. 

Figure 14 shows investment costs for units 
of varying naphtha-gas charge capacities 
based on a gas composition containing approx- 
imately equal volumes of propanes and 
butanes. 

Figure 15 shows direct operating costs for 
varying naphtha-gas charge capacities. 

The following assumptions have been used 
in preparing the curves: 

Material specifications based on processing 
non-corrosive stocks and representing con- 
struction costs based on labor rates prevailing 
in the Mid-Continent area. 


Utility Costs Basis 


Fuel per barrel. 


Tore Te 30.60 
Steam per thousand pounds...... 0.25 
Electric Power per Kilowatt Hour 0.005 
Cooling Water per thousand gallons 0.015 
Labor per man hour 1.00 


An average figure for maintenance, clean- 


NAPHTHA CHARGE - loco BBLS. /DAY 


Figure {5. 


DIRECT OPERATING COSTS OF NAPHTHA 
POLY FORM AND GAS REVERSION UNITS. 


ing, inspection, and repairs based on existing 
commercial operations has been included in 
the data from which Figure 15 was plotted. 
Table VII presents utilities consumption for 
two commercial polyform and gas reversion 
units. 

To illustrate the use of Figures 14 and 15, 
a plant processing 4,000 bbl. per day of 
naphtha and 2,000 bbl. per day of outside 
propanes and butanes will cost erected 
$257.60 per bbl. of naphtha charged, or 
$1,028,000, and the direct operating cost will 
be $0.16 per bbl. of naphtha charged or 
$640.00 per day. 

Although difficult to evaluate, a polyform 
or gas reversion plant raises the upper octane 
limit of the overall gasoline production and 
also improves the road performance. 

Current realizations from naphtha gas 
reversion and naphtha polyform units show 
that the payout period on the investment for 
these processes is from 1 to 3 years due to 
increased gasoline yield and saving in tetra- 
ethyl lead. This economic picture, plus the 
fact that either of these operations are carried 
out in a single unit makes these processes 
attractive to the refining industry for the 
production of high yields of higher level 
octane motor fuels. 


TABLE VII 


Operating Utilities 
Based on Commercial Operations 


Operation: 1 


Charge: 
Naphtha, B/D 1,200 4.000 
Outside Gas, B/D 1,500 : 
Total, B/D..... 2,700 4.000 
Temperatures, deg. F: 
Charge to Furnace 530 475 
Furnace outlet 1.015 1,070 
Pressures, Lbs. /Sq. In.: 
Charge to Furnace 2.700 1.250 
Furnace Outlet 1.900 1.000 
Fractionating System 300-400 350-370 
Utilities: 
Per Barrel Naphtha Charged: 
Electric Power, KWH ‘2 7.50 1.03 
Steam, Lbs... . - 2.0 57.6 
Fuel, Barrels - 0.176 0.072 
Water (25 deg. F. rise). Gals. 1,680 1,940 
Clay, Ibs... . . wane 0.52 


Labor, men per shift. 
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FU REU RA L Refining of Pennsylvania Oils 


for Severe Conditions 


By F. T. Mertens 


Design-Engineer 
Foster Wheeler Corporation 


For many years, conventional refining 
methods have enabled the refiners of Penn- 
sylvania crude oil to manufacture the best 
lubricants obtainable in the United States. 
This was like calling the New York Yankee 
baseball team the “‘World Champions,” since 
the champion of this country automatically 
became the champion of the world. So it has 
been in the case of fine lubricating oils, with 
practically the whole world looking to the 
United States for motor and industrial oils to 
keep their wheels turning. 

During recent years, however, automobile 
and aviation motor manufacturers have been 
using higher compression ratios, higher engine 
speeds, closer clearances—all of these develop- 
ments contributing to greatly increased 
power output. Unfortunately for the lubri- 
cants, these improvements have imposed much 
more severe duties on lubrication and the 
former conventional refining methods are no 
longer satisfactory to meet all these require- 
ments, either physically or economically. 
The best oil now must have superior over-all 
performance characteristics—not merely a 
good viscosity index or high resistance to 
sludge formation. Modern lubricants must 
have all eight of the following properties: 


. High film strength 

. High resistance to oxidation 

. Freedom from sludge formation in 
engine. 

. No bearing corrosion. 

Low oil consumption in engine. 
High viscosity index. 

. Low pour test (wax-free). 

. Low increase in viscosity during use. 


Onno wm 


To produce such a “super-lubricant,” a 
satisfactory crude must be selected as a base 
and here the Pennsylvania refiner has a 
definite advantage—but he cannot stop at 
this point. A suitable selective solvent refining 
process must be used to obtain these desired 
properties and thus attract the consumer’s 
dollar. 

Recognizing the difficulties to be encoun- 
tered with expanding use of higher output 
engines, one of the leading Pennsylvania 
refiners conducted a careful investigation to 
determine how his oils could be improved. 
The study resulted in the installation of two 
furfural refining units, using a process that 
has been established throughout the refining 
industry as highly satisfactory and econom- 
ical for this purpose. Over-all quality of the 
oils has been materially improved, as well as 
reducing the costs of subsequent filtering 
operations. 

The process is based on the use of furfural, 
manufactured from oat hulls which were 
formerly regarded as agricultural waste. 
Furfural is an aldehyde that acts as a selec- 


tive solvent, removing certain undesirable 
portions of the oil, namely, the aromatic and 
olefinic hydrocarbons, and leaving unchanged 
the more paraffinic, or desirable constituents. 
Its properties as a refining agent have been 
known since 1923 and it was first applied 
commercially in 1933 at the Indian Refining 
Company plant at Lawrenceville, Illinois. 
This plant has been in constant operation 
since that time. The use of furfural has ex- 
tended to numerous refineries having a total 
average daily capacity of over 30,000 bbl. 
The solvent is relatively non-poisonous, 
inexpensive, stable, showing negligible loss 
over long periods of operation and the supply 
is practically unlimited. Both installations 
and operating costs of the process are notably 
low. 

The specifications of furfural, as furnished 
by the Quaker Oats Company, are shown in 
the accompanying table. 


Specific gravity 20/20 deg. C. (Mim.)............ 1.158 
Engler distillation® 
Temperature end of Ist cc. (Min.) deg. F. .... 300 
Temperature at end point (Max.) deg. F...... 335 
Recovery (Min.) percent...............2.+055 98.5 
SC IR 6 ce devcscceessesences 0.9 
rere 0.9 
BERaees Get CEEe). oc cccccccccscccccccccoes None 
Sulfates (BaSO, method) (Max.)............... None 


EE EEE err Tre ee 0.006 

Organic acidity (calc. as acetic acid) (Max.) per- 

Water (by distillation) (Max.) percent.......... 0.2 
The simplified flow-sheet is typical of th 

two Pennsylvania installations mentioned 

which consist of the following main operating 

units: 


1. Vertical counter-flow extraction 
tower with essential shell-and-tube heat 
exchanger equipment to treat continuously 
oil with the solvent at the desired controlled 
flow rates and temperatures. Refined oil 
(raffinate) containing a small amount of the 
solvent is drawn off at the top of the 
column and the extract containing the un- 
desirable constituents dissolved in furfural 
is removed at the bottom. The tower also 
includes surge capacity for storing raffinate 
and extract solutions before they are dis- 
charged to the respective recovery sections. 

2. Solvent - from - raffinate recovery 


A 680 bbl. per day furfural unit nearing 
completion. 


' 








unit in which the solvent is freed by dis. 
tillation under vacuum, and subsequent 
steam stripping removes any remaining 
traces of furfural from the treated oil. 

3. Solvent - from - extract recovery uny, 
including vacuum steam stripper as above, 

4. Solvent - from - water recovery sys. 
tem including separator and surge tank 
with two fractionating towers in order to 
separate the water introduced by the steam 
strippers and recover the unchanged gol. 
vent for treating new charges of oil. 


Untreated oil is preheated in a heat ex. 
changer to 140 deg. F.-180 deg. F. by hot 
furfural and charged to the middle of the 
treating section of the extraction tower which 
is packed with Raschig rings. Furfural at a 
temperature ranging between 200 deg. and 
280 deg. F. is charged to the top of the tower 
just below the raffinate-mix surge space. By 
maintaining a substantial temperature gra- 
dient across the treating section, the quality 
and yield of the refined oil is held at its 
optimum point for any given solvent dosage 
and the counter-current liquid-to-liquid ex. 
traction process proceeds with the furfural 
flowing downward through the oil-filled pack- 
ing. This type of tower requires low quan- 
tities of solvent and oil in the system; low 
investment, operating and maintenance costs, 
and affords simplicity of operation and con- 
trol. 

Refined oil solution, containing only a small 
percentage of furfural, collects at the top of 
the tower and is pumped through a heat ex- 
changer and direct-fired heater to the vacuum 
flash and stripping tower where all traces oi 
the solvent are removed. The finished oil then 
flows to storage for filtering and final prepare 
tion before being marketed as high grade 
lubricating oil. 

The extract solution contains most of the 
furfural together with undesirable compe 
nents removed from the charge oil. It flows 
down through the recycle and surge sections 
of the treating tower. From here it is pumpet 
through heat exchangers to the atmospherit 
flash column where between 30 and 40 percent 
of the solvent contained in the extract mit 
ture is vaporized. The flash solution is the 
pumped through a direct-fired heater to 
pressure flash section in which most of the 
remaining furfural is vaporized. From the 
pressure flash tower, the extract, with the 
small portion of furfural still in equilibrium 
flows to a vacuum steam stripper where a. 
traces of furfural are recovered. The strippet 
extract, which has the appearance of asphaltit 
material, is then pumped through a cooler to 
storage where it may be used as heavy fuel 0 
in the refinery. 

The recovery of furfural from condensa! 
water is a simple process since furfural ant 
water form a constant boiler mixture havi! 
a lower boiling point than either pure furfut 
or water. It is therefore relatively easy ™ 
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effect complete recovery of the furfural from 
any furfural-water mix using the two fraction- 
ating columns. This C. B. M. is collected in the 
separator where it divides into two layers. The 
lower layer, rich in furfural, is charged to one 
fractionator (A) where water is removed using 
furfural vapors as a stripping agent and the 
pure furfural accumulates in the surge section 
of reservoir at the base. The upper layer, 
mostly water, is charged to the second column 
(B) where open steam strips the furfural from 
the water. The remaining furfural-free water 
is dumped to the sewer. 

To illustrate how the furfural process fits 
into the refinery procedure—under the former 
so-called conventional method, wax distillate 
would be dewaxed by cold-pressing, reduced 
in a rerum still to the viscosity of neutral oil, 
and clay-treated to the desired color either by 
percolation or contacting, without any further 
attempt to improve stability or resistance to 
oxidation. Cylinder stock bottoms were clay- 
treated, centrifuge-dewaxed to the desired 
pour point, and processed in reducing units to 
remove dilution naphtha. 

When the furfural process is used, however, 
the crude charge is again distilled into wax 
distillate and cylinder stock bottoms. If no 
solvent-dewaxing is employed, the wax dis- 
tillate is processed as above with the furfural 
process following the rerum operation (viscos- 
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ity reduction) and preceding the clay finish- 
ing. Cylinder stock bottoms are first furfural 
refined, then clay treated, centrifuge dewaxed 
and reduced as before. If a solvent dewaxing 
process is included, a viscous wax distillate is 
produced at the still and finished to neutral 
oil specifications without further reduction. 
This distillate is furfural refined, solvent de- 
waxed and clay finished; the corresponding 
cylinder stock is treated likewise. 

The following charge and product tests are 
typical of results being obtained: 


0 Deg. Pour Dewaxed Penna. 600 Stock 
Charge Treated with 200 percent by Volume of 
Furfural 


Filtered 
Charge Extract Raffinate Raffinate 
Yield, percent by 
volume 100.0 9.9 90.1 eaine 
Gravity, A. P. I. 25.0 8.7 27.0 27.5 
SSU|Vis. @ 100° F.. 3210 2490 2097 
SSU Vis. @ 210° F. 172.0 156.8 142.1 
Viscosity Index 91.4 101.5 192.6 
Carbon Residue. 
percent . 2.42 1.58 1.00 
Pour. deg. F 0 0 0 0 


Bright stock filtered to color of 2 Tag. Robinson. 
Percolation filter yield increase 50 percent. 


Low Pour Pennsylvania Natural 
Charge Treated with 150 percent by Volume of 
Furfural 


Charge Extract Raffinate 
Yield. percent by volume 100.0 10.2 89. 8 
P. 


Gravity. A. 


SSU Vis. @ ie" F. 2926 156.4 
SSU Vis. @ 210° F 43.9 75.5 43.3 
Viscosity Index 93.5 214 109.6 
Color, N. P. A. : t'.L Black : Lp 
Pour, Deg. F ~10 ; 


Neutral oils obtained from Pennsylvania 
distillates are known to be relatively unstable, 
when produced by conventional refining meth- 
ods. The degree of stability is not reflected in 
the above test results either on the charge or 
raffinate. Such characteristics can be deter- 
mined only by engine block tests or road tests. 
However, the effectiveness of the furfural 
refining process has been amply demonstrated 
by numerous tests of both types, which indi- 
cate materially increased stability and de- 
creased sludging tendency in furfural refined 
oils. Hence, these oils make it possible to keep 
an engine free from lacquer and sludge forma- 
tion over long periods of time. 

From the point of view of refinery operation, 
the use of furfural has reduced percolation 
filter costs by increasing the filter yields from 
50 to 300 percent. Undesirable constituents 
are eliminated from the oil with the rejection 
of only a small percentage of the total charge 
stock, and without hindering subsequent de- 
waxing operations. From the point of view of 
the lubricant market—oils from crude sour- 
ces other than Pennsylvania have been so 
improved by solvent treatment as to ma- 
terially reduce the natural advantage enjoyed 
by Pennsylvania oils in the past. Continued 
leadership of the modern market by Pennsyl- 
vania oils can be assured in the future only by 
the use of effective solvent refining. 
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By Richard Finnie 


Author of **Lure of the North” 


**GOLD has been said to exist in cer- 
tain of the barren grounds. Silver on 
the Upper Liard and Peace Rivers, cop- 
per upon the Coppermine River, which 
may be connected with an eastern arm 
of Great Bear Lake by a tramway of 40 
miles, iron, graphite, ochre, brick and 
pottery clay, mica, gypsum, lime, and 
lin the Mackenzie District) the petro- 
leum area is so extensive as to justify 
the belief that eventually it will supply 
the larger part of this continent and be 
shipped from Churchill or some more 
northern Hudson Bay port to Eng- 
Pe 


That is a quotation from the report of a 
special committee of the Canadian Senate, 
appointed to investigate the natural resources 
of the Mackenzie Basin, in 1887-88. It shows 
that at least a few people in Canada were 
becoming enthusiastic over the mineralization 
of the Far North more than a half-century 
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ago—and with good reason, as later events 
have proved, albeit the prophecy hasn’t quite 
been fulfilled yet. 

Knowledge of the existence of minerals in 
the Canadian Arctic and sub-Arctic goes back 
to Elizabethan days, when Martin Frobisher 
carried shiploads of pyrites from Baffin Island 
to England in the fond supposition that it was 
gold; copper was found by Samuel Hearne 
near the mouth of the Coppermine River in 
the Arctic in 1771; and in 1789, exploring the 
great river that now bears his name, Alexander 
Mackenzie noted coal seams a-fire. 

Somewhere in the neighborhood of the 
Arctic Circle, Mackenzie also wrote in his 
journal: ‘‘We passed a small river, on each 
side of which the natives and Esquimaux 
collect flint. The bank is an high, steep, and 
soft rock, variegated with red, green, and 
yellow hues. From the continual dripping of 
water, parts of it frequently fall and break 
into small stony flakes like slate, but not so 
hard. Among them are found pieces of 
Petrolium, which bears a resemblance to 
yellow wax, but is more friable... .”’ 

But Alexander Mackenzie and his succes- 


sors for many years to come were not pros- 
pectors; their main job was to open up a new 
territory for the fur trade. Finally, in 1897-98, 
some of the adventurers who took part in the 
Klondike gold rush went to the Yukon via the 
Mackenzie. They paused here and there along 
the Mackenzie and its tributaries to stake 
claims, but most of those claims were never 
even recorded. In 1901 a young geologist 
accompanied by a fur trader’s son named 
Charles Camsell (destined to become Deputy 
Minister of the Federal Department of Mines 
and Resources) explored the shore of Great 
Bear Lake. They were wind-bound for several 
days in Echo Bay, at the eastern side of the 
lake, about which the geologist, James 
Mackintosh Bell, observed: “‘The variegated 
mineral staining —red, black, pink, white, and 
green—gave scintillating reflections in the 
deep, transparent water, and suggested 4 
locality to lure the prospector.” Dr. Bell lived 
long enough to hear about an amazing sequel 
to his visit to Echo Bay, for nineteen years 
afterwards a shrewd prospector staked claims 
there and today those claims support the 
richest pitchblende mine in the world. It was 
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this discovery, Gilbert LaBine’s discovery, 
that provided the impetus needed to develop 
the oil wells of the Mackenzie River. 

Although the presence of oil as well as coal 
along the banks of the Mackenzie had become 
known among explorers, traders, missionaries 
and the mounted police since Alexander 
Mackenzie’s time, the remoteness of the 
region stood in the way of any serious invest- 
igation until 1914. In that year Imperial Oil 
Limited (Canadian subsidiary of Standard 
Oil of New Jersey) sent representatives down 
the river. They promptly staked claims at 
several points, but their attention was partic- 
ularly attracted to the right bank about fifty 
miles below the old trading post of Fort 
Norman. The outbreak of the first World War 
caused their reports to be shelved. 

The distance from Edmonton—most north- 
erly city in Canada—to Fort Norman is 
nearly 1,500 miles by water, and the building 
of a railway was (and is) not feasible for a 
long time to come; and although by 1919 the 
Turner Valley gushers were beginning to 
serve Alberta, there was an every growing 
demand for oil in Canada, so Imperial Oil 
Limited planned for the development of its 
Fort Norman claims, with perhaps a view to 
running a pipeline to the south. 
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Opposite, El- 
dorado camp on 
Echo Bay, Great 
Bear Lake. A 
short distance 
south of the 
Arctic Circle, 
this is the 
world’s richest 
pitchblende 
mine. Above, 
camp stove 
made from 
small gasoline 
drum from the 
Fort Norman re- 
finery. Right, 
Canadian Geo- 
graphical So- 
ciety map of the 
District of Mac- 
kenzie. Below, 
drilling rig and 
log buildings of 


Discovery Well 
camp on _ the 
Mackenzie, 53 


miles below Fort 
Norman as it 
appeared in 


July, 1930. 
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The company sent north two drilling crews 
to test for oil. The transporting of their heavy 
machinery and other equipment was a pio- 
neering task. The Peace River route was 
followed and the whole outfit had to be 
moved across a four-mile portage at Vermil- 
lion Chutes and the 16-miles portage between 
Fitzgerald and Fort Smith. (Nowadays the 
route is from Edmonton 300 miles to Water- 
ways by rail, then down the Athabasca and 
Slave Rivers to Fitzgerald.) Special scows 
and motor boats were constructed and the 
first tractors ever seen in the Northwest 
Territories lugged the equipment into Fort 
Smith, just beyond the 60th parallel of 
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latitude which is the borderline between 
Alberta and the Territories. Boats and scows 
were launched again below the Rapids of the 
Drowned, continuing down the Slave River 
to Great Slave Lake and thence northward 
down the Mackenzie. 

The drillers established their camp on the 
claims below Fort Norman and spent the 
winter of 1919-20 there. That summer they 
struck oil. Reports that they had commercial 
production reached Edmonton in the fall. 

At a depth of 85 ft. oil began to seep into 
the hole and from there down it increased. 
At 785 ft., August 24, the well spouted a six- 


inch stream of oil to a height of 75 ft. above 
the derrick floor for about ten minutes, after 
which it was capped. The flow was estimated 
at 600 bbl. 

The newspaper publicity precipitated a 
stampede as between 300 and 500 men 
trekked northward from Edmonton, includ- 
ing employees of Imperial Oil and various 
small syndicates. Some of the independent 
oil-seekers were as colorful as old-time 
Klondike characters—from J. Wada, the 
Japanese who won and lost fortunes at poker, 
to Jim Darwish, the Syrian who settled down 
in the north as a fur trader. 

Claims were staked everywhere up and 
down the Mackenzie around the Imperial Oil 
property. Those of individuals were snapped 
up by syndicates, and eventually all of them 
that showed any promise were acquired by 
Imperial Oil. 
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All photographs 
used to illustrate 
this article were 
taken by the 
author, Richard 
Finnie. 


Above, the upper of 
two 18,000 gal. 
tanks, eight miles 
apart above and be- 
low the Great Bear 
River Rapids; port- 
age pipeline comes 
in from the right. 
Left, the sub-arctic 
gold mining town of 
Yellowknife, estab- 
lished 1936, with 
petroleum storage 
from Fort Norman 
in foreground. 


It was the Norman strike that brought the 
first airplanes as well as the first tractors into 
the Northwest Territories. Imperial Oil 
bought two Junkers monoplanes with the 
intention of accelerating communications 
with its northern holdings. In the spring of 
1921, with Pilots Fullerton and Gorman, 
mechanics and several passengers, they flew 
as far as Fort Simpson, 270 miles short of 
their goal. Both planes were damaged and a 
smashed propeller was replaced by one 
fashioned on the spot from an oak sleigh board 
and moose glue. The following autumn another 
try was made, which succeeded. It was not 
until 1928, however, that commercial flying 
became a reality in the Mackenzie District, 
and then it revolutionized the lives of the 
inhabitants and made large-scale develop- 
ment possible. 

Imperial Oil drilled two additional holes 
during 1921 in the vicinity of its discovery 
well, less than 100 miles south of the Arctic 
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Circle. One on Bear Island was bored to a 
depth of 2,080 ft. A showing of oil was ob- 
tained at 1,945 ft. and further indications of 
oil and gas at 1,975 ft., below which there was 
a quantity of salt water. The other well, on 
the west bank, was bored to 3,057 ft. in lime- 
stone, but without a satisfactory result. 
During the same period a hole was drilled to a 
depth of 1,806 ft. at Windy Point on the 
north shore of Great Slave Lake. It proved 
dry and was abandoned. 

In 1922 the discovery well was deepened 
to 951 ft., when a flow of 60 to 70 bbl. per day 
was recorded. A fourth hole was begun up 
stream near the Fort, but owing to a shortage 
of drillers it was sunk to only 500 ft. and 
capped. 

The Fort Norman Oil Company secured 
locations on the right bank of the Mackenzie 
about six miles below Imperial Oil’s discovery 
well and in 1921 drilled to 1,512 ft. Oil was 
found at 305 ft. and a flow of gas estimated 












Above, the original 
rig used at Norman 
Wells to drill the dis- 
covery well in 1920. 
In 1939 it was still 
in use drilling No. 3 
to a depth of 1,837 
ft. Right, discovery 
well camp seen from 
the Mackenzie River. 
This picture was 
taken in 1939 after 
the camp had been 
rebuilt and its name 
changed to Norman 
Wells. 

































The Great Bear River 
Rapids which consti- 
tuted a serious ob- 
stacle to shipment of 
equipment and trans- 
fer of petroleum 
products. The stor- 
age tank is the same 
as the one shown at 
the top of the op- 
posite page. 





at 300,000 cu. ft. at 385 to 500 ft. The well 
was capped and operations were suspended. 

The White Beaver Oil Company, during 
the winter of 1921-22, began drilling near the 
mouth of the Hay River, south shore of Great 
Slave Lake, and got for its pains a flow of salt 
water at the rate of 360 gal. per minute. The 
well was abandoned. 

In charge of the Fort Norman project for 
Imperial Oil at the outset was Charles E. 
Taylor, who died on a Mackenzie River 
steamboat in the fall of 1921. He was later 
succeeded by a frail-looking man of dynamic 
energy, Ronald MacKinnon, who has been 

























the brains and guiding spirit of Norman Wells 
ever since. 

The Norman strike directed public atten- 
tion to the potentialities of the Northwest 
Territories and prompted the creation of a 
federal government branch to administer the 
natural resources of the region, including, of 
course, mining. The Director was the author’s 
father, O. S. Finnie (now retired), who made 
his first inspection trip down the Mackenzie 
in 1921. 

Premature was the excitement attending 
the Norman strike of Imperial Oil Limited, 
whose work in the Mackenzie District was 
just one phase of a long-range program of 
exploration across Canada. It was said that a 
pipeline to carry the oil 1,200 miles to railhead 
at Waterways would cost $40,000,000, which 
was out of the question. The local market 
included only a few motor boats, gasoline 
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Left, traffic on the Great Bear River; an 


oil barge pushed by a power boat ap. 


proaching the camp at the foot of the 
rapids whence its cargo will be trans. 
ferred by pipeline eight miles to the 
upper storage tank and it will again 
resume its journey by water. Below. 
a section of the pipeline that portages 
petroleum products up the Great 


Bear River Rapids. 


schooners and donkey engines, whose owners 
were accustomed to paying as much as $3.00 
a gallon for imported gasoline (at Aklavik, 
Mackenzie Delta), and the Hudson’s Bay 
Company’s freight and passenger stern- 
wheelers still burned cordwood. 

When I paid my first visit to Discovery 
Well in July 1930 the camp was a forlorn 
spectacle. It had been deserted for about five 
years, the log bunkhouses, workshops and 
drilling rig were languishing in desuetude, 
and grass and weeds were growing every- 
where in almost tropical profusion. From the 
spout of the well casing oil dripped steadily, 
as if in protest against its neglect, and nearby 
little pools of seepage glistened in the warm 
sunlight. 

For two years, airplanes belonging to or 
chartered by mining companies and syndi- 
cates had been combing the barren lands, and 
in the summer of 1930 the Royal Canadian 
Air Force began systematically photograph- 
ing key areas of the Mackenzie District so 
that aerial mosaics could be assembled to 
facilitate the work of the prospector. Govern- 
ment geologists, too, were in the field. Prom- 
ising indications of various base metals were 
found, and over on the east side of vast 
(12,000 square miles) Great Bear Lake, 
Prospector Gilbert LaBine staked claims on 
which he had seen veins rich in silver. The 
next season he was there again, and this time 
he made sure of a hunch he had had before: 
that his claims were laden with fabulously 
rich pitchblende. He had a mine, just about 
37 miles south of the Arctic Circle, that was 
fated to break the Belgian Congo radium 
monopoly. 

Now at last Imperial Oil had ample justifi- 
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Right, the Radium King and barge at 
Norman Wells, the largest vessel on the 
river at this point. The drums in the fore- 
ground indicate that petroleum is one 
of the principal cargoes shipped from 
this remote port. Below, drums con- 
taining gasoline and Diesel oil are 
being unloaded from a plane at a 
mining camp some distance from 
Yellowknife. The camp is inacces- 
sible by boat, so all of its supplies— 
from dynamite to heavy machinery 
—are delivered by plane. 


cation for reopening its discovery well. From 
Eldorado, the new mine, to the head of the 
Great Bear River at the western end of Great 
Bear Lake, it was 180 miles; the Great Bear 
River, the lake’s only outlet, flowed swiftly 
75 miles westward into the Mackenzie, 
bisected by eight miles of rapids; and from 
the mouth of the Great Bear River at Fort 
Norman the distance was 53 miles to the 
discovery well. 

At once the problem was presented of 
getting the mine’s pitchblende concentrates 
to railhead, and oil and gasoline from the 
discovery well to the mine. The Bear River 
had never been navigated except by canoes, 
York boats and small scows which were labo- 
riously tracked up stream. Existing craft on 
the Mackenzie were wholly inadequate to 
meet the new need. 

Meanwhile, in 1932, the discovery well 
was called into service again and a small 
steam still which had been set up in 1921 
was operated to supply motor gasoline and 
Diesel oil for an expanding market: by this 
time there were many motor boats and 
kicker-propelled canoes running on the Mac- 
kenzie. The price of imported gasoline had 
been around $2.00 at the settlement of Fort 
Norman, but now the local product became 
available at 90 cents per Imperial gallon. 

In the spring of 1934 there was a ship- 
building boom at Fort Smith, where a 
hundred men toiled to complete a flotilla of 
specially-designed freight barges and power 
boats in time for that season’s navigation. A 
relay system was planned to transport heavy 
mining machinery, miscellaneous supplies, 
fuel and pitchblende concentrates to and from 
Great Bear Lake, Norman Wells and rail- 
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head, a water route of nearly 1,400 miles. 
I visited the discovery well again that sum- 
mer and saw a striking contrast to the scene 
of desolation there in 1930. Production was 
going on apace, and gasoline could be bought 
at the well for 64 cents per Imperial gallon, 
fuel oil for 32 cents. 

The pioneering project of getting 90-ft. 
long 50-ton barges with their loads up the 
swift, shallow Bear River, through the rapids 
and on to Great Bear Lake was costly and 
back-breaking, but it was done. The links of a 
remarkable transportation chain were forged 
that summer. I was there and took part in it, 
working on winches that dragged the boats 
by shore-anchored cables up stream a foot at 
a time, helping to pump out boats stove in by 
sharp boulders, and I rejoiced in the ultimate 
triumph of the barges and power boats as 
they reached the radium mine at Echo Bay. 

In the summer of 1939 I returned to the 
Mackenzie District. Great changes and 
developments had been made since 1934. A 
town had sprung up on the North Arm of 
Great Slave Lake, a town with a population 
which at one time was estimated at a thousand 
men and women. Gold had been discovered, 
and now there were three mines actually in 
production—pouring more than $150,000 
worth of gold every month in the year. Other 
mines were in the offing. Oil and gasoline were 
required here, and the cost of importing them 
from Alberta was exorbitant. Norman was 


























filling the breach now, more than ever, 
drawing from two or three wells and sending 
300,000 gal. of gasoline and fuel oil to Eldo- 
rado and twice that quantity to Yellowknife 
in a single season. 

I paid my third visit in nine years to 
Norman Wells. Gasoline could now be bought 
here for 30-odd cents a gallon, and fuel oil for 
about 13 cents. Tractors rumbled to and fro, 
hundreds of steel barrels awaited shipment 
on the beach, big storage tanks gleamed in 













































the sub-arctic sunshine, while the original rig 
of the discovery well was drilling a new hole. 
A steel power boat with a freight barge 
attached bellied up to the shore. On the 
barge, about to be unloaded, was an 11-ton 
cracking tower that represented another 
milestone in the progress of the world’s first 
far-northern refinery.* 

Norman was supplying not only Eldorado 
and Yellowknife but also nearly a dozen 
settlements along the Mackenzie, and also, of 
course, all the Diesel-engined river boats. 
Among the customers were thrifty, sophisti- 
cated Eskimos who sailed their own barges 
from Aklavik to the wells, where—avoiding 
middlemen—they purchased wholesale lots of 
fuel for their motor schooners. 

Hitherto only low-test gasoline and fuel oil 
could be produced at Norman Wells. The 
new equipment manufactured by Foster 
Wheeler and now being delivered meant that 
henceforth there would also be Intava Ethyl 
87 octane aviation fuel, light Diesel oil, and 
probably a Bunker ‘‘C”’ heating oil. 

The main fractionating column was made 
in one piece, 35 ft. long, with trays and caps 


*There are untapped oil deposits about 300 miles north 
of the Arctic Circle in Alaska, where the U. S. Govern- 
ment has set aside a reserve. Stefansson reported oil in 
association with coal in Canada’s Melville Island, more 
than 600 miles north of the circle. In the Russian sector 
of the Arctic, the Soviets say that they have oil-bearing 
strata across the entire Taimyr region and in the Pechora 
basin. In 1936, according to the Moscow ‘‘News’’ of May 
29, 1939, “*the first oil derricks were erected on the Malaya 
Kheta River which falls into the Yenisei.”’ It cannot now 
be determined whether the Norman Wells refinery is still 
the most northerly in the world, but it is generally re- 
garded as such. (A Soviet atlas mentions an “‘all-chemical 
refinery’’ at Kirovsk, 67 deg. N., 33 deg. E.) 
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bolted into place before shipment to save 
labor in the North. Fabrication of the stabil- 
izer column was from standard 20-in. pipe 
sections. The heater was assembled at Foster 
Wheeler’s St. Catherines, Ontario, shop with 
tubes in place and then shipped in two sec- 
tions. Special lightweight insulating brick was 
sent in strong wooden cases. To reduce ship- 
ping weights, operators’ platforms for attach- 
ing to the side of the tower were made of open 
grating instead of checker-plate. Because the 
water for condensing and cooling was to be 
taken from the muddy Mackenzie, the shell- 
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Above, plane taking on fuel at 
Fort Simpson on the Mackenzie 
River, the furthest north reached 
in the first (1921) flight into 
the Northwest Territories. Pic- 
ture was taken at 11:00 o'clock 
at night in summer when there 
is no darkness in the arctic. 
Right, tractor drawing the frac- 
tionating tower up the hill to the 
refinery location. Below, sim- 
plified flow diagram of the Fos- 
ter Wheeler refinery installed at 
Norman Wells. Opposite, the 
tower being landed and above, 
Eskimos watch a plane land at 
Aklavik, near the Arctic Ocean. | 
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and-tube units were designed for high veloc. 
ity of the water to minimize fouling, with 
relatively high allowable temperature rise to 
keep the water requirements as low as poggj- 
ble. 

The frost line at the Wells is about 50 ft, 
below the surface, dating back to the Glacia] 
age. Each spring the soil is inclined to heaye 
wherever there is any moisture and becomes 
spongy. In preparing the site for the new 
equipment, workers met difficult conditions 
in removing eight to twelve inches of mogs 
and letting the ground thaw out. 

Grading was done in a quagmire. A tractor 
had to be kept on firm ground, dragging a slip 
scraper with a long line and tackle. To sup- 
port the heater, fractionating tower and 
stabilizer, grillages of steel members were 
constructed to be used mat-fashion under 
each one to prevent tipping. Further support 
was furnished by guying the two towers and 
the 35-ft. stack. Foundations were dug down 
through the fill into the frozen ground and 
packed with gravel and river boulders. 

The heater was bolted together after swing. 
ing the two shop-assembled sections into 
place and the whole was made rigid by cross- 
bracing. Instead of firebrick for the floor of 
the heater, local clay 18 in. deep was used— 
unique among oil heaters in this respect. To 
save other materials and yet obtain sufficient 
elevation the small vessels and piping were 
supported with driftwood timbers and weld- 
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ed sections of 4-in. and 2-in. pipe. A hous 
was erected over the various pumps. 

The refinery is designed for three alternate 
operations, producing a stabilized gasoline 4 
270 deg. F. Engler F. B. P., side-cut of light 
Diesel fuel oil, and heavy fuel oil bottoms for 
stationary Diesels with approximate yields 
respectively, of 19 percent, 41 percent, ane 
29 percent. The side-cut can be eliminated, 
running all of the fuel oil as bottoms. It I 
also possible to run a 400 deg. F end poitt 
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motor gasoline overhead and take Diesel fuel 
oil as bottoms. 

The crude charge is introduced directly 
into the convection section in the upper part 
of the heater, without the use of any heat ex- 
change equipment, and is brought up to 
temperature by firing a combination oil and 
gas burner. Omission of exchangers to preheat 
the charge is unusual but an economic study 
indicated that they could not be justified, due 
in a large part to the high freight charges. 
The heated oil flows to the fractionating 
tower where it is flashed at a point near the 
bottom. Live steam is used for stripping. 
Overhead vapors are condensed in a water- 
cooled condenser and collected in a combina- 
tion reflux-accumulator and water separator. 
Any remaining vapors are vented from this 
drum into the refinery fuel system. Part of the 
condensate is returned to the top of the tower 








as reflux to control the temperature at the top 
of the tower. 

The net overhead may be pumped direct to 
storage if 400 deg. F. E. P. motor gasoline is 
the desired product. Normally, however, the 
net overhead is pumped to the top of the 
stabilizer column. This column is of the 
charge reflux type in which the feed flows 
down from the upper part of the column. 
Although this stabilizer has slightly higher 
losses than the usual type, it was selected in 
this instance for its simplicity. The heat re- 
quired for stripping in the stabilizer is ob- 
tained from a steam-heated reboiler. Gas is 
vented from the top of the column to the 
refinery fuel system. Bottoms consisting of 
stabilized aviation gasoline are cooled and 
delivered to storage. 
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If a light Diesel fuel side cut is to be run, 
the stream is conducted to an external 
stripper operated with live steam. Vapors 
from the stripper are vented to the tower and 
the stripped Diesel fuel flows through a cooler 
to storage. Bottoms from the fractionating 
column are cooled and pumped to storage for 
use as required. 

Only 30 days elapsed between the time the 
equipment for the refinery arrived at Norman 
Wells and the time the new refinery was put 
on a test run. Foster Wheeler engineers point 
out that although this new plant represents 
no great advance in the art of refining, it does 
indicate the value of the experience gained 
from far more complicated arrangements to 
produce a simple and conservative unit 
design to meet the peculiar problems of 


Arctic refining. 
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All interconnecting piping 
was to be uncoupled each fall to prevent frost 
damage. It would be realigned in the spring of 
1940, but extensive realignment would not be 
anticipated in following years because the 
foundations would probably not thaw out 
during any summer. All instruments were 
likewise to be disconnected and stored for the 
winter. Everything had to be simple and fool 
proof, of direct-acting mechanical type, since 
no service facilities were available closer than 
Calgary, Alberta. 

Water pumps were not permanently set 
and must be shifted as necessary to meet the 
six-foot difference between high and low level 
in the Mackenzie River. When the ice goes 
out in the spring, the water builds up to 30 to 
40 ft. above normal level, and debris in places 
is spread 250 ft. inland. All docks, gasoline 
and oil delivery lines for river boats, also 
water lines from and steam lines to the pump 
house, have to be dismantled and hauled up 
on top of the river bank proper before the 
crew leaves for the Outside. Upon the crew’s 
return to the Wells around June Ist, all of 
this equipment must be replaced. 

The Foster Wheeler combined distillation 
and stabilizer units as installed at Norman 
Wells are capable of refining the native crude 
at the rate of 840 bbl. a day. 

From the Wells I started toward Great 
Bear Lake on a sternwheel boat and barge 
combination carrying 9,340 gals. of oil in 
bulk and gasoline in drums. (In 1934 I had 
watched this same sternwheeler, which was 
built at railhead and weighed 11 tons, being 
hauled out of the Slave River at Fitzgerald, 
trucked over the 16-mile portage and launched 
at Fort Smith.) Pushing her barge, the stern- 
wheeler chugged up the Mackenzie to Fort 
Norman, then continued about 30 miles up 
the Bear River to a camp at the foot of the 
rapids. Here a hose was immediately con- 
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nected to the barge, and the oil was pumped 
up a hillside to an 18,000-gal. delivery tank. 
Thence it was forced through a pipeline eight 
miles in length, skirting the rapids, to a 
similar tank and fed as needed into barges 
running to the head of the Bear River. There, 
on the edge of Great Bear Lake, stood a 
79,000-gal. tank which held the oil pending 
its transfer in other barges to Eldorado. 
Meanwhile, some 30 tons of sacked con- 
centrates together with empty steels from 
Eldorado, all of which had been brought by 
truck over a Government portage road (most 
northerly in Canada) from above the rapids, 
were piled aboard the sternwheeler and her 
barge for their return trip to Norman Wells. 
Thus was the Bear River relay system 
operated; trip after trip, up and down all 
summer long, unceasingly, in which two 
boats and barges regularly ran below the 
rapids, another combination above the rapids, 
and two more shuttling back and forth across 
Great Bear Lake. Of varying capacities but 
uniformly shallow draft—the Bear River 
channel being only a couple of feet deep in 
places—all of these boats were Diesel- 
powered and, with the exception of the stern- 
wheeler, had twin engines and twin screws. 
They belonged to the Northern Transporta- 
tion Company, an Eldorado subsidiary under 
the able general management of A. M. 
(Matt) Berry, veteran Arctic aviator, with 
Raoul Bertrand, Toronto mining man, per- 
sonally directing the Bear River activities. 
During the season of 1939 they delivered 
325,000 gal. of oil and gasoline to Eldorado, 
brought back 1,200 tons of concentrates and 
moved more than 500 tons of mixed freizht. 
All of this was done in approximately 90 











Above, a section of the waterfront at 

Norman Wells. The two tanks at the right 

hold 1,500 barrels of oil apiece. Right, 

Ronald MacKinnon, manager of Norman 

Wells. Below, forty-five-gallon drums of 

gasoline being rolled on to the Radium 
King at Norman Wells. 


days, the period of operation for Norman 
Wells. The northern rivers are usually open 
between the end of May and early in October, 
but ice in Great Slave Lake may obstruct 
boat traffic on the Mackenzie until some time 
in June, while Great Bear Lake is navigable 
only from around the middle of July until the 
end of September, after which storms and 
imminent freeze-up make it dangerous. 
Among the vessels used on Great Bear 
Lake was a steel tank barge 130 ft. long witha 
35-ft. beam, its carrying capacity 69,000 gal. 
Its maiden voyage from Fort Smith exem- 
plified some of the hazards entailed in this 
unique relay system. All went well until the 
massive barge was being warped up through 
the Bear River rapids late in the season. In 
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the midst of the torrent it swung against a 
tock and was punctured. Facilities then 
available were inadequate to move it, so it 
was left where it lay, willy-nilly, all winter. 
The following summer it was beached, re- 
paired, and finally placed on Great Bear 
Lake. Every boat and barge on the lake or on 
the Bear River had taken a beating at one 
ume or another. But mishaps were part of the 
Job and they never kept the oil, gasoline and 
mixed freight from being delivered. 

The Northern Transportation Company 
also had two steel tugs, the RADIUM KING and 
“e Rapium QUEEN, which carried oil, gaso- 
ine, mixed freight and passengers between 
Fort Smith, Yellowknife, Norman Wells and 
Aklavik. These were actually built at Sorel, 
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Above, a family of Dogrib Indians about 
to leave for a remote trapping camp; like 
all Mackenzie river Indians this family is 
a steady user of gasoline in their outboard 
motor. Left, Eldorado camp. Below, barge 
unloading just below the Great Bear River 

Rapids. 
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Quebec, and moved in sections by rail across 
the continent to Waterways. Barges con- 
veyed the sections to Fitzgerald, tractors 
pulled them to Fort Smith, and there they 
were reassembled and duly launched. It was 
the RApIuM KING that brought the new 
fractionating tower from Fort Smith to 
Norman Wells in the summer of 1939. 

The Eldorado mine has temporarily closed 
down, its directors announcing that a surplus 
of uranium concentrates in storage at Water- 
ways will keep their Port Hope, Ontario, 
refining plant supplied indefinitely. (Ninety 
percent of Eldorado’s products have been 
exported, and the war has eliminated certain 
markets.) In the Mackenzie District gener- 
ally, further exploration and budding enter- 
prises are being somewhat delayed, but the 
demand for gold is greater than ever and 
Yellowknife’s mines are going full blast. As 
soon as all of Eldorado’s concentrates have 
been transferred to railhead, the energies of 
the Northern Transportation Company will 
probably be focussed mainly on the Macken- 
zie River and Great Slave Lake for a time, 
while production continues at Norman Wells 
to supply northern communities, boats and 
aircraft as well as mines. 

Whatever happens in Europe, Canada is 
likely to have a rapidly growing population 
which will surely surge northward. The 
Northwest Territories comprise more than a 
third of the Dominion’s area and are incal- 
culably rich in natural resources. Moreover, 
the climate is healthful and once the bugaboo 
of an ever frozen, inhospitable North has 
been dispelled, large numbers of people may 
want to go there to settle down and carve out 
careers for themselves. 








Trend Toward Chemiecalization 


of Refining Industry Accelerated 


by Emergency Conditions Re- 


fleets Prominence on Shell's 


Phosphate Process for Removal 


of Hydrogen Sulfide in Prepara- 


tion of Charge Stocks for High 


Octane Blending Fuels. 


WV irs the recent rapid changes in prevail- 
ing modes of both aviation and automotive 
transportation, the importance of high-octane 
number gasoline has increased tremendously 
and this effect has been keenly felt in refineries 
throughout the world. A principal result is the 
trend toward chemicalization of the refining 
industry through great advances in petroleum 
technology, particularly in America. These 














Treating plant 
for removing H.S from 

liquid charge stock to the cataly- 
tic polymerization plant at left. The ab- 


sorber tower is in the center of the picture. In 
front of it are the boiler for regenerating the phosphate 
solution, heat exchanger bank, and regenerated solution mix tank. 
At the right are surge drums for the H»S-laden charge and treated product. 





HS REMOVAL 


By Henry N. La Croix 


Design Engineer 
Foster Wheeler Corp. 


take the form of poly plants, alkylation plants 
for production of commercial iso-octane and 
isomerization of normal to iso-butane for 
alkylation feed, solvent plants for lubricating 
oils and extraction plants for removal of 
hydrogen sulfide, mercaptans and acids. 
Such processes are largely dependent on 
chemical affinities and reactions, and success- 
ful operation requires mastery of equilibrium 
distributions, laws of chemical mass action 
and physical chemistry. They are to be dis- 
tinguished from the once-standard processes 
limited for the most part to simple heating, 
cooling and condensing, and involving ordi- 
nary distillation, thermal cracking and com- 
bustion. 

Although the modern processes were large- 
ly developed during the past decade, there is 
every likelihood that the next ten years will 
see an even greater technological advance 
inspired by prevailing economic requirements 
and by the reckless pressure on the part of cer- 
tain nations to extend their influence at any 
cost, with resulting bitter competition. Eco- 
nomic supremacy will demand adequate 
supplies of high-octane gasoline for aviation 


Opposite above, close up of 
two hydrogen sulfide absorp- 
tion towers, cooler and heat 
exchangers. 


and automotive service to provide the better 
efficiencies of high compression engines, 
The preparation of high-octane gasolines is 
economically beyond the scope of simple 
pyrolytic cracking and requires the use of 
special processes such as polymerization or 
alkylation to utilize fully the available ray 
materials. Charge stocks for these units are 
usually light hydrocarbons, such as methane, 
ethane, propane and butane, and the up. 
saturated or iso-relatives of these. These 
materials, however, are normally contam- 
inated with organic impurities such as nitro- 
gen or sulfur-bearing compounds. The im- 
purities reduce the effectiveness or life of the 
catalysts employed in the new processes and 
frequently bring about side reactions, whose 
products are deleterious to the desired final 
products. Many of the undesired impurities 
may be removed much more easily and 
effectively by treatment of the charge stock 
than by later treatment since the compounds 
in the charge are far less intricate. 
One of the most obnoxious of the various 
impurities that occur in charge stocks is 
hydrogen sulfide which reduces the net yield 
or effectiveness of product, poisons the 
catalyst, and forms undesirable sulfur com- 
pounds which are difficult to remove later. 
Fortunately, the hydrogen sulfide (H,S) is 
easily removed from the charge stock by a 
number of methods, of which one of the most 
economical is the phosphate process. One of 
the latest plants of this type to go into opera- 
tion is illustrated in the accompanying photo- 
graphs. 
This is a liquid extraction unit preparing 
liquid hydrocarbons for charging to a cataly- 
tic polymerization plant. It employs the 
patented Shell Phosphate Process, using 
aqueous solutions of tri-potassium phosphate, 
which is applicable to removal of H.S from 
both liquids and gases. In either system the 
hydrocarbon is contacted counter-currently 
with the phosphate solution in towers, and the 
absorbing solution is continuously regener 
ated and recirculated through the process. 
The photographs clearly show the absorber 
tower, the simple regenerative equipmetl, 
and the mixing tank for preparing the pho: 
phate solution, as well as the spine-tube hea! 
exchangers which provide unusually hig! 
heat transfer rates. The phosphate salt maj 
be prepared by chemical neutralization of the 
acid and alkali used, or it may be purchase 
in crystalline form, ready to be dissolved ! 
water. 
This plant was designed to operate 
charge stock containing only 150 grains 
HS per 100 standard cubic feet of gas, ¥” 
provision for handling greater quantities» 
encountered. Due to the small quantity ° 
H.S to be removed, no condensate striph 
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Flow diagram 
of typical unit for re- 
moval of H.S from liquids based 
on single, countercurrent flow of treating 
solution and hydrocarbon in an absorber, filled : 

with Raschig rings, to give satisfactory mixing and con- “=, 


tact surface. The treating solution is regenerated and HoS rented ‘ 


*s< 
from the system as a gas. 
sili a was needed. Operation to date has shown a 
| a ' reduction in H,S content to as low as seven 







H,S AND STEAM 


wr 2g recovered in a gaseous state and is easily dis- 

posed of by burning in the boiler furnaces. 

COOLING Operation of the process is simple and costs for 

—_ both initial installation and operation are 
relatively low. 

A number of H2S removal plants using the 


! | grains. The troublesome hydrogen sulfide is 
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D ma 4 phosphate process are operating on charge 
Beco stocks for producing various high-octane 


blending fuels as for example, polymerization 
7 units charging both gases and liquids, and 
alkylation units. The same _ purification 
process is also being used on natural gases, 
and by a manufacturer of iso-propy] alcohol. 
The phosphate process is attracting increas- 
ing attention of refiners as a simple and 
7 economical means of disposal of H.S and is 
& a especially valuable in the preparation of high 
| 
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octane blending fuels. 

















Emulsion Process First New Wax Deoiling Method 


in Two Deeades 


Sweating Has Been Used For 
Many Years, Its Efficiency Ocea- 
sionally Increased, But the Meth- 
od Fundamentally Unchanged— 
A. H.Sehuatte of The Lummus 
Company in the Following Paper 
Being Delivered at the Annual 
Meeting of The American Petro- 
leum Institute Describes an En- 
tirely New Process for Deoiling 


Crystalline Waxes. 


Unuike most refining processes, the sepa- 
ration of oil from crystalline waxes by conven- 
tional sweating has not been radically changed 
for the past two decades or more. The work 
of many investigators has increased the 
efficiency of sweating by extending our knowl- 
edge of the factors involved and by improving 
the control methods. The equipment has been 
improved by mechanical refinements, but the 
method of separation has remained the same. 
Sweating is still a batch fractional melting, 
carried out on long time-cycles, thermally 
inefficient and relatively difficult to control. 





A 700 bbl. per day emulsion deoil- 
ing unit showing the 60 in. sus- 
pended centrifuge. 


A new process has now been developed, 
based on a novel mechanism of wax-oil sepa- 
ration. While the application of this principle 
permits the separation of any clean oil-wax 
mixture, the commercial development of the 
process has thus far been confined to deoiling 
sweater stocks. This has progressed from a 
pilot plant operation on a wide variety of 
stocks, to commercial installations of 400 and 
700 bbl. daily charging capacity. It offers the 


TABLE I 


Typical Data - Pilot Emulsion Deoiling Unit 


Yield Number 
Charge Product Wax Vol. per- of 
Melting Percent Melting Percent cent on Deoiling 

Charge Stock Source Point oil* Point oil* Charge Steps 
1. E. Texas Pressed Slack Wax. . ‘ 107 26 122.5 1.7 40.2 3 
2. E. Texas Pressed Slack Wax... . 107 26 129.5 0.5 25.8 5 
3. E. Texas Pressed Slack Wax... . 112.5 30 122.5 10.7 57.5 1 
1. M. C. Cold Pressed Slack es ba ‘ 96 (too high) 115.5 11.8 13.3 1 
5. M. C. Cold Pressed Slack 96 (too high) 105 34 36.0 1 
6. Penn. Solvent Dewaxing Slack tosses owe (10.0) 127 (0.7) 62.0 1 
7. Penn. Solvent Dewaxing Slack 122.5 (10.0) 130 (0.2) 41.5 1 
8. Penn. Slack Wax eo aate's ; 113 (20) 122.5 (5.5) 72 1 
9. M. C. Pressed Slack Wax = OS 108 36.6 115 16 71 1 
10. M. C. Pressed Slack Wax... , 108 35.6 119.5 5.5 43.8 1 
ll. M. C. Pressed Slack Wax............. 108 51.4 118 26.6 51.4 1 
12. Far Eastern Wax Stock No. 1. . 99 32.6 107 13.6 34 1 
13. Far Eastern Wax Stock No. 1...... 99 32.6 109 7.3 24.8 2 
14. Far Eastern Wax Stock No. 2. . 116 11.8 118.5 7.1 86.5 I 
15. Far Eastern Wax Stock No. 3..... 135.1 3.9 138.5 1.2 72.2 1 
16. M. C. Pressed Slack Wax............... 108.5 36 117.6 16.5 64.1 1 
17. E. Texas Pressed Slack Wax ° 105.6 42.2 115.8 20.3 60.2 1 
18. California Solvent Dewaxing Slack -- 3216 25.1 128.7 2.0 59.0 1 


*Oil contents run by modified ASTM procedure using special light cloth, correlated with solvent method. 
Oil contents enclosed by parentheses run by ASTM method D-306-29T. 
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advantages of continuous operation under 
automatic control, low operating cost, and 
low plant cost. 


THEORY 


If an oily crystalline wax stock is cooled to 
a temperature below its melting point the 
wax solidifies in well defined crystals, but the 
system is not freely separable because the 
wax crystals impede the flow of the oil, and 
because the oil adheres to the crystals. An 
attempt to filter the material results in very 
imperfect separations and difficulty with 
plugging of the filter medium. If, however, 
the oily wax is emulsified in a non-viscous 
non-solvent liquid, such as water, and cooled 
to precipitate the desired wax, with the 
process so controlled that the water is the 
continuous phase of the emulsion, then the 
droplets of oil and the wax crystals are 
separated by water, and a freely filtering sub- 
stance is obtained. In practice the cooling 
and emulsification are usually carried out in 
the same zone by the addition of the non- 
solvent liquid at a suitable temperature. The 
resulting material, which has the appearance 
of whipped cream, may be subjected to any 
kind of a liquid solid separation, such 4s 
filtration or settling. The cake deposited on 
filtration, when the water and oil have been 
removed, is finely crystalline, porous, and 
may be readily washed with large volumes of 
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water. A further fractional separation may be 
obtained by varying the temperature of sub- 
sequent water washes. It has been found that 
one of the most efficient methods of separating 
these emulsions, is to charge them to a filter- 
ing-type basket centrifugal, suitably jacketed 
for temperature control and equipped with 
washing nozzles. When washes are used at 
temperatures considerably higher than the 
temperature of the charge emulsion, a partial 
shrinkage of the cake results in a squeezing 
action which aids the removal of the last 
traces of oil. When treated in this way, the 
cake still retains its porosity, however, and 
allows a free passage of the wash liquid. 

It will be noted that the process has the 
unique features of employing non-solvent 
liquids, rather than solvent liquids, and of 
utilizing emulsions, which up to now have 
been considered as undesirable nuisances by 
the petroleum refiner. In addition to the 
above mentioned benefits of emulsification, 
there is apparently an improvement in 
crystal structure, due to the fact that the wax 
is solidified from a thin inter-facial film, 
rather than from the main body of a liquid. 
This effect has been noted in the commercial 
deoiling of waxes containing high end-point 
constituents, which would render them 
virtually unsweatable. In this case the film 
crystallization apparently decreases the effect 
of the naturally occurring inhibitors. 


TABLE If 
Pilot Plant Data - Single Stage Emulsion Deoiling 
Followed by Sweating 


Emulsion Deoiling Operation 
Charge 
M. P., deg. F. 
Percent Oil 
Cake 
Yield, Volume percent on Slack 
M. P., deg. F 
Percent Oil 
Filtrate 
Yield, Volume Percent on Slack 
M. P., deg. F 


Once Through 


Single Sweating Operation 


Volume Percent on Deolied Cake 
Volume Percent on Original Slack 
M. P., deg. F 

Percent Oil 

Tensile Strength. No. sq. in. 


The equipment for single stage emulsion 
deoiling is shown on the flow sheet, Figure 1. 
The oily wax to be processed is introduced by 
pump G-1 into the suction of the emulsifier 
G-2. The volumetric capacity of the emul- 
sifier is 10 to 20 times the quantity of wax 
charged, and this excess material is by- 
passed back to the emulsifier section. A small 
amount of compressed air is introduced with 
the wax. The temperature of the net emulsion 
is controlled by an automatic instrument 
operating on the water introduced to the 
emulsifier. The proportions of water and wax 
are adjusted by controlling the temperature of 
the water in exchanger E-1. The net emulsion 


E. Texas Pressed Slack Wax 
rr 
-. 


29.8 


Semi- 
Refined 


is charged to a perforate-wall centrifugal lined 
with a filter medium. The unsolidified portion 
of the original waxy charge and the emulsified 
water are thrown out and collected in the 
lower portion of the jacketed housing sur- 
rounding the rotor. The deposited cake travels 
continuously up the wall of the machine as an 
annular mass and is discharged over the top 
lip of the basket into a steam-jacketed melt- 
ing ring, from which it flows to one compart- 
ment of tank F-2. The cake may be washed 
during its progress up the wall of the machine 
at several levels by water at controlled tem- 
peratures. The upper wash material may be 
withdrawn and used as a recycle stock. 
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The operation of this type of centrifugal 
may be more clearly seen by reference to the 
cross sectional cut given in Figure 2. The 
machine differs from a conventional basket 
type filtering centrifugal in that the curb 
housing is divided into three jacketed sections. 
The top section is steam-heated for cake 
melting and the other two sections allow 
control of the temperatures in the primary 
filtration and washing zones. There is no 
mechanical means required to propel the cake 
upward and cause its continuous discharge, 
since the characteristics of the emulsion cause 
a self-propulsion of the cake. Due to the 
presence of emulsified water in the charge, the 
density of the material at the feed point is 
considerably greater than the density of the 
deposited cake. The internal pressure, acting 
on any particle of dry cake, is considerably 
less than that acting on a particle of feed 
slurry. This results in a net upward force in 
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the cake which displaces it as an annular 
mass upwards along the wall of the rotor. 
Studies of this action have been made by 
introducing feed slurries containing insoluble 
dies. Cakes formed in this way were then cut 
into strips and removed. The line of demarea- 
tion between the undyed original cake and that 
deposited from the dye-containing subse- 
quent charge is roughly a half-parabola hay- 
ing its axis along the surface of the filter 
medium. 

A view of the pilot deoiling unit is shown 
on page 87. This uses a 10-in. centrifugal 
which was remodeled from a standard smal] 
laboratory machine. The charging capacity 
of the unit is 10 gal. per hour. 

The first commercial plant was built in an 
automobile box-car, and so designed that the 
car can be placed on a refinery siding, requir- 
ing only the connecting of electrical power 
and exhaust steam, water, charge, and 
product lines. This plant was designed for 
400 bbl. per day of slack wax and has exceed- 
ed this capacity in service. Several views of 
this portable deoiling unit are shown in the 
accompanying illustrations. This plant has 
been operating since early in 1940 in Pennsy]- 
vania fields, producing marketable wax from 
slack wax obtained by solvent dewaxing. The 
refinery has no sweating equipment, and this 
box-car plant, plus clay percolation equip- 
ment, constitutes the entire wax plant. 

One of the accompanying illustrations 
shows a 60-in. suspended centrifugal in a 
permanent 700 bbl. per day installation. The 
wash and jacket water control manifold and 
part of the instrument board may be seen. 
This unit operates on a Mid-Continent slack 
wax from plate and frame presses. 


RESULTS 
Typical data for pilot plant emulsion de- 
oiling operations on various stocks are pre- 
sented in Table I. These stocks include three 


East Texas pressed slack waxes, Mid- 
Continent cold pressed slack, Pennsylvania 
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A 48 in. centrifuge in an emulsion 
deoiling unit. 
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and California solvent dewaxing slacks, and 
Far Eastern wax stocks. In most of these runs 
hot washing was used only on the final finish- 
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ing step, since the pilot unit has no side cut to 
segregate the hot wash filtrate from the pri- 
mary filtrate or foots oil. The degree of oil 
separation obtained on the California solvent 
dewaxing slack in a single step process is 
much greater than that shown for the other 
stocks. This is a reflection of the improve- 
ments made in the pilot plant equipment in 
the last few months. Figure 3 is a plot which 
shows the relationship between the oil content 
of the charge wax and the oil content of the 
cake obtained from each deoiling step when 
hot washing is used on only the final operation. 
It will be noted that there is a definite and 
constant relationship between the oil con- 
tents remaining after each pass. With the 
exception of the California slack wax, this 
relationship indicates the equilibrium ob- 
tained in the original emulsion charged to the 
centrifugal. In the case of the California 
stock, several improvements have been made 
in the emulsification system and a heavy, 
well distributed wash was employed at the 
charge temperature. The factors influencing 
the degree of oil separation are as follows: 

1. The crude source from which the slack 
wax is obtained. This effect will be noted by 
the difference in the slopes of the lines for 
well fractionated, sweatable, slack wax 
from various crude sources. 

2. The percentage of oil in the original 
charge. 

3. The degree of fractionation obtained 
in the distillation unit which produced the 
original wax distillate. As pointed out previ- 
ously, this effect is less important in emul- 
sion deoiling than in conventional sweat- 
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ing. Poorly fractionated slack wax usually 
gives no trouble with operation in emul- 
sion deoiling, but the structure of the final 
product wax is apt to be poor. The curves 
of Figure III are given to show the relation- 
ship between the oil content of the charge 
and that of the solid phase in the original 
emulsion and they do not represent the 
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ultimate separation possible by washing 
and by the segregation of the hot wash 
filtrate. 


D E F 
Accum- 
ulated 
Filtrate P-A Slack 
from Coke fro 155 
Other from Vis. 
Operations D Dist. 
114.4 123 120 
21 1.3 6 
48 52 43 
123 129° 130 
3 0 0 
—_—  . £éhanen 
baaeee 0 tetiees 
130 430 400 


TABLE Ill 
Plant Data—Emulsion Deoiling Operations—Commercial Operation 48" Centrifugal 
A B Cc 
B-A Slack 
Wax. from 
B-A Slack 50 percent 
Wax from Cycle 80 Vis.-50% 
125 Vis. from 250 Vis. 
Dist. A Dist. 
Charge Stock 
EPL 6 «<< a:0.000b005 60% 125-127 124 118.6 
Percent Oil, Press Method 4-11 5 14.3 
E. P.—10 mam... ............. Pe. swsatses 680 to 700 
Cake 
Volume Percent on Charge... 52 45.2 47.3 
Volume Percent on Slack Wax 52 8.6 47.3 
SS. eae . 130-131 129.1 128.6 
Percent Oil, Press Method.... 0.4-0.7 0.4 0.4 
Filtrate 
Volume Percent on Charge . . 29 54.8 52.7 
Volume Percent on Slack Wax 29 10,4 52.7 
M.P.,ASTM...... RATS ae 118 118.8 110 
Percent Oil, Press Method... . ‘aes 13.3 ee 
Cycle 
Volume Percent on Charge - Ce 
Volume Percent on Slack Wax _— - = “iain 
SS eras err 
Percent Oil, Press Method .. . _ 8 Perera 
(A and B) 
Overall Scale Wax, Volume 
Percent on Slack...... 60.6 
Overall Filtrate, Volume Per- 
’ ty aha = See 39.4 
Charge Rate, B/D............. 396 495 
No. hrs. Exh. Steam. ........ 660 (40/bblI.) 
G.P. M. Water, No Reuse. . 19 (69 gals. /bbl.) 
K. W. H. Power.............. 26.5 (1.62 KWR /bbl.) 


Utility Costs 
Cents/bbl., Slack, Steam ***. 1.000 
Cents /Slack, Water.......... -035 
Cents /bbl., Slack, Power... .. 81 


1.845 


***Steam at 25 cents 10004, water at 0.5 cents /1000 gals.. 


power at 


0.5 cents /KWH. 













































_——s---> 




















Figure 2: Cross-sectional drawing of 
the centrifuge used in emulsion 
deoiling operations. 


Table II gives the result obtained by a 
single stage emulsion deoiling of an East 
Texas pressed slack wax, followed by a single 
laboratory sweating. The original slack 
charged to the emulsion deoiling operation 
had a melting point of 112.5 deg. F., and con- 
tained 29.8 percent oil. A yield of 57.5 percent 
of cake was obtained with 122.5 deg. F. melt- 
ing point, and an oil content of 10.7 percent. 
This cake sweated to 22.4 percent on the 
original slack of 132 melting point semi- 
refined wax, having an oil content of 0.14 
percent and over 400 tensile strength. The 
next cut of 22.0 percent on the slack was of 
123.8 melting point, 0.8 percent oil. This 
shows that stocks which have been partially 
deoiled by the emulsion process give good 
separations upon subsequent sweating and 
yield products of high quality. 

The results obtained from the commercial 
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operation of an emulsion deoiling plant having 
a 48-inch centrifugal, are given in Table III. 
The charge stocks were obtained from solvent 
dewaxing of Pennsylvania distillates and the 
plant was usually operated for a high melting 
point crude scale product. It will be noted 
that the overall yield was 60.6 percent of 130 
melting point scale wax, containing 0.4 per- 
cent oil. The operation shown in column ‘“‘C’”’ 
is of interest because of the high degree of 
separation obtained on a charge material 
containing high end point waxes which would 
normally be unsweatable. The oil separation 
from 21 percent to 1.3 percent upon rerunning 
the filtrate, is also of interest. The operation 
in column ‘‘F”’’ show the production of a semi- 


refined wax in a single step from solvent de- 
waxing slack. 

Reference to the utility data shows an 
economy of operation in marked contrast to 
conventional sweatings; as evidenced by the 
overall utility cost of only 1.8 to 1.9 cents per 
barrel of charge. 

The operating performance for a deoiling 
unit employing a 60-in. centrifugal is given in 
Table IV. Typical operations are shown for 
Mid-Continent pressed slack wax and for the 
rerunning of sweater foots oil to recover the 
scale wax contained therein. The operation on 
an 86 cold test sweater foots oil producing an 
80 cold test filtrate and a 113 deg. F.melting 
point cake, is of particular interest and dem- 
onstrates a versatility which should be of 
value in plant practice. 

A distinguishing feature of emulsion de- 
oiling is the compactness of the equipment, as 


The illustration at left and the two 
below show the portable unit for emul- 
sion deoiling installed in a box car which 
can be hooked up in a few hours near 
a refinery. At left may be seen the 
charge pump, emulsifier and water 
heating exchangers; below, looking 
toward the centrifuge. Unit handles 

400 bbl. per day. 
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TABLE IV 


Plant Data—Emulsion Deoiling Operations—60" Centrifugal 


Charge 
Throughput. B D - 
Volume Percent Cake on Charg 


Charge Inspections 
M. P., deg. F.. ASTM = 
Percent Oil, Press Method. . 


Cake Inspections 
M. P., deg. F. ASTM — 
Percent Oil, Press Method. . 


Filtrate Inspections 
M. P., deg. F 
Cold Test. deg. F : 
Cloud Test, deg. F...... " 
Percent 122 M. P. Wax. Solvent 
Method emaeas he 


Direct Operating Cost 
Cents /bbl. charge 


Power 1.3 KW /bbl. 
Water. 77 deg. F. 345 Gals. /bbl. 
Refrigeration 

Labor : 1 Man Shift 


Slack Wax Sweater 
from M.C. Foots 
Crude oil 
620 (750 gross) 338 
68.0 14 













106.8 86 
45 + (cold test) 
116.5 113 
16 26 
85 gl 
2 80 
85.8 81.5 
14.3 10.5 
1.0 2.5 KW bbl. 1.62 
0.17 Reused 
, 56.3 Tons* 1.69 
3.0 1 Man /Shift 7.10 


4.17 10.41 


*Based on reuse of water and net cooling by steam jet refrigeration. 


Water @ 1/2 cents per 1.000 gals., 77 deg. F. 
Power @ 1/2 cents per KW. 


evidenced by the installation of a 400 bbl. per 
day unit in a box car. All process heat require- 
ments are met by low pressure exhaust steam 
and therefore wax production capacity is 
obtained without additional boiler load. The 
equipment may be operated at emulsion 
temperatures within four to five degrees of 
the cooling water temperature. Refrigeration 
is therefore required only when the plant 
cooling water temperature is above approx- 
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imately 80 deg. F. Based on representative 
refinery utility costs, the total direct operat- 
ing cost including labor is only four to five 
cents per barrel of charge for a single stage 
operation of the type shown in Table IV. This 
operating cost is far lower than that usually 
encountered in conventional sweating. The 
operating cost of 10.4 cents per barrel for 
rerunning the foots oil shows a saving over 
conventional methods of recovering this wax. 
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The pilot deoiling unit where the 
first new process of its kind in 20 
years was developed. 
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Continuous Processing of Coke Oven 


Light oO ACC LAI RTON 


By H. W. Seyler 


Assistant General Superintendent 
in charge of 
Coke Plant Operation 


While Broad Research and De- 


velopment Work Promise _ to 


Establish Petroleum as the Chief 
Source of Toluol, Xylol and Sol- 
vents, the Exigencies of National 
Defense Require Greater Effi- 
ciency from the World’s Largest 
Plant for Production of the Im- 
portant Military Fractions as By- 
Products of Coke Oven Opera- 
tion in the Steel Plant of Carnegie- 


Prior to the installation of the new 
continuous refining unit at the Clairton by- 
product coke works of the Carnegie-Illinois 
Steel Corporation the entire production of 
coke oven light oil was processed by batch 
distillation. The fractionating equipment con- 
sisted of 18 crude and pure stills all of the 
same design—and although slightly different 
in capacity, the stills were used for the separa- 
tion of light oil into crude fractions as well as 
for the production of pure products. This 
plant, aside from lacking capacity for the 
production of maximum yields of commer- 
cially pure products, was also inadequate in 
fractionating efficiency for the production of 
highest quality products. 

In the following description an attempt will 
be made to point out the various reasons for 
the installation as well as to give a fairly com- 
plete description of the function of the equip- 
ment and operation of the plant. 


During recent years the trend in demand for 
light oil products has indicated gradual pro- 
gressive changes towards pure products of 
higher quality, together with more limited 
specifications for the semi-refined products in 
order to meet individual requirements. These 
changes have necessitated various alterations 
in the refining process so that the maximum 
in fractionating capacities is required. 

It is, therefore, because of these changing 
demands and the lack of fractionating capac- 
ity and efficiency in the former plant that a 
program of modernization was initiated. 

In a study of the modernization program, 
due consideration was given to the continuous 
process since it was felt that this method offers 
many economies in operation that are not 
available in a batch distillation process and in 
considering the advisability of installing a 
continuous plant, it was found that sufficient 
quantities of light oil were available at low 
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rates of coke plant operation to insure reason- 
able periods of continuous processing and at 
the same time permit a plant which would be 
of sufficient capacity to refine all of the light 
oil produced at full operation of the coke plant. 

Furthermore, it will be noted from the 
general plan of refining light oil at this plant 
that the procedure is well adapted to a cor- 
tinuous distillation process. 

The method consists of recovering the light 
oil from the absorbent oil as one fraction. The 
crude light oil is subjected to a fractional di- 
stillation to produce as individual distillates, 
forerunnings, a crude benzol cut, in addition 
to a broad fraction containing the benzol, tol- 
uol and xylol, and a residue consisting 
higher boiling solvents, wash oil and naph- 
thalene. The residue is subjected to a find! 
distillation for the recovery of higher boiling 
solvents and the crude benzol, toluol, xyld 
fraction is acid treated for the polymerizatio 
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of unsaturated oils. The acid treated material 
is then redistilled for the recovery of the va- 
rious components. 

The processing of light oil, both in the old 
equipment as well as in the new plant follows 
this procedure, except that the replaced plant 
was complete batch rectification while the 
new installation is almost entirely continuous. 


ARRANGEMENT 
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The continuous plant has been installed as 
an addition to the building which houses the 
last installation of batch stills and is so ar- 
ranged that access can be gained from the 
new plant to either this building or to the 
tank house which is located along one side. 
The reboilers and rectifying columns have 
been located on the opposite side of the build- 
ing from the tank house so that the building 
housing the transfer, controlling and cooling 
apparatus is located at the geographical 
center between the producing equipment and 
the storage tanks. In the continuous process 
the main body of the plant has been divided 
into two separate and distinct units. The 
crude product separation is effected in three 
stills referred to as crude stills and known as 
units, one, two and three, while the pure ii a, 
products are recovered in the remaining five ee PN Mes 
stills known as units four to eight inclusive. 

The continuous plant consists of eight stills spe entire oles fer cow 
of varying sizes and capacities andeach unitis tinuous refining of coke 
fitted with all necessary pumping and trans- oven light oil; electrical 
fer apparatus, decanters, liquid level controls. control equipment housed 
flow meters and all auxiliary equipment for in one story building in 
measuring temperature and pressure. left foreground. Above, 

In the design of the plant the principle of ¢om!rol panels and flow 
centralized control has been utilized to an ™@fer® in foreground, 





Opposite, general view of 


extent that it is possible for an operator ? voéuct manifold 


valves on right below 
windows. Right, col- 
umns for units 7 and 


stationed at the control floor to observe and 
regulate the performance of the entire plant. 
This control room is located on the second 4g with vent lines in 
floor and contains all of the instruments for foreground be- 
plant control as well as the various other tween columns. 
equipment, such as decanters, product receiv- 
ing tanks, etc., which must be under constant 
vigilance during operation. 
The pumping and transfer apparatus for 
the products from the reboilers in addition to 
the main feed pumps, as well as a continuous 
water strainer and air compressors have been 
reason installed on the first floor while the condensing 
and at and cooling equipment is located on the roof. 
ould be With a few exceptions, each unit in the 
he light plant consists of a reboiler or base heater and 
e plant. a rectifying column, which in turn is connect- 
om the ed with condensers and product coolers 
is plant followed by decanters and pump tanks. These 
> a Col pump tanks are followed in some cases with 
individual product tanks. This applies to the 
he light pure unit only as the products from the crude 
ion. The unit are discharged into large storage tanks. 
ional di- The cross sectional diagram shown as 
stillates, Figure (1) will illustrate the relative positions 
addition of the various pieces of equipment. 
zol, tol: The reboilers or base heaters vary propor- 
sisting of tionally in size as well as capacity and with one 
d naph- exception all are placed so that the longitud- 
o a final inal centerline is at right angles with the base 
r boiling of the column. They consist of cylindrical 
ol, xyld tanks and their foundations are located at 
erization yard level. The reboilers on the units in which 
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the bottom product is to be transferred to the 
succeeding fractionating tower have been 
divided into two sections by a solid partition 
wall and the two compartments are inter- 
connected by an external pipe line at the base 
as well as vent lines on top. One compartment 
is used as a reboiler, and therefore, contains 
the entire heating element, while the other 
section is used as a surge or reservoir tank. 
Units one, five, six and seven have been pro- 
vided with this compartment. 

This reservoir or surge tank serves as the 
liquid level controlling tank in addition to 
other functions. One of these is that if there 
is an interruption of flow in some preceding 
apparatus, a better opportunity is afforded for 
the control of subsequent operations by 
maintaining this reserve of product. A further 
obvious advantage is realized also during start 
up periods. The reboilers on the remaining 
units, two and eight, are single compart- 
ment each, as the product from these are re- 
moved from the system. 

Each reboiler heating section is equipped 
with two indirect heating units which vary 
proportionally in surface area depending 
upon the quantity of heat required and are so 
arranged that they can be removed from the 
reboiler for inspection and repair. Each re- 
boiler heating section is provided with a 
separate steam supply and their operation is 
controlled by pressure regulating device in- 
stalled in the vapor section so that the vapor 
pressure in the reboiler is used as the control 
for heat input. The regulator is arranged for 
either automatic or manual control and the 
operation in either case is controlled from the 
individual panel boards for each unit on the 
operating floor. This is a compressed air 


Above, Typical 
cross sectional ar- 
rangement of the 








continuous plant 
for refining coke 
oven light oil at 
the Clairton by- 
products coke 
works of the Car- 
negie - Illinois 
Steel Corp. 
Right, end view 
of reboiler show- 
ing heater tube 
section with steam 
lines. The safety 
features which in- 
clude rupture disc 
type explosion 
head are at left 
of pressure relief 
valve. 


actuated device and an instrument has been 
provided for recording the operating pressure. 
Each unit is provided with this type recorder. 

Indicating gauges have been provided on 
each control panel to show the level of the 
liquid in the heating and reservoir sections of 
the reboilers and this system has been aug- 
mented with the usual gauge glasses installed 
directly on the reservoir section. 

Each reboiler has been provided with 
several safety devices. These devices consist 
of the conventional type pressure release 
valve as well as the rupture-dise type explo- 
sion head. An added safety feature is to be 
found in the method which is used for the 





control of heat. Since the rate of heat input 

is automatically controlled by the pressure 0! 

the vapors, any increase of pressure above 

that which has been set will automatically | 
decrease the rate of heat applied. 

Each unit is equipped with dual pumps fo 
the transfer of product from the reboiler t0 
subsequent equipment or storage. Thes 
pumps are single stage constant speed electrit: 
ally driven centrifugal pumps and only one 
pump is normally used during operation wit! 
the other being retained as a spare. Thel 
operation is controlled by a push button ty? 
remote control switch on the operating pane 
for each unit. This arrangement of pust 
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button control is one in which a pilot light 
indicates which pump is operating and a 
feature has been installed whereby their 
operation is controlled from the operating 
floor only. This precludes the possibility of 
anyone accidentally or otherwise interrupting 
their operation without first consulting the 
plant operator. The only way in which inter- 
ruption can be accomplished, aside from that 
on the control panel, is by releasing the main 
switch which controls the entire pumping 
equipment. 

The rate of product removal from this 
equipment is regulated by the liquid level 
controlling device which has been installed in 
the reservoir section. 

This device actuates a valve which is 
located immediately after the bottom product 
pumps. In this manner it is possible to use the 
constant speed electrically driven pumps and 
at the same time maintain sufficient liquid in 


provide continuous cooling of residual ma- 
terials which are to be placed in storage. 
These coolers are the same general type as the 
coolers which have been provided for the 
condensed products and a detailed description 
of their construction and operation will be 
taken up later. The coolers are arranged with 
by-pass piping, so that in event the product is 
to be further fractionated in subsequent stills, 
the coolers can be by-passed in order to take 
advantage of the sensible heat. 

The reboilers for unit number three, which 
is for the separation of heavy solvents and 
wash oil residue from the light oil, are arrang- 
ed so that continuous removal of residue can 
be realized. 

Unit number four, which is for the removal 
of polymerized material from the acid washed 
crude benzol-toluol-xylol fraction, is so ar- 
ranged that the residue is separated contin- 
uously. 


one common floor immediately above the 
reboilers and are so arranged that the 
minimum of piping exists between the re- 
boiler and column. The fractionating columns 
vary in height and diameter according to the 
rectifying demands. The shell of the column is 
constructed on welded steel plate and all 
interior fittings are of the same material. The 
material to be fractionated is fed into the 
column usually about midway between the 
base and top. 

Two of these columns have been equipped 
with facilities for the removal of a side cut 
product. This applies to the column for units 
number two and eight. In unit number two 
the side cut product is collected on one of the 
lower trays and falls by gravity into a pump 
or liquid level control tank. The product is 
then pumped through the side cut cooler. 
Unit number eight is equipped with similar 
arrangements except that the product is 
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the reboiler and also provide reasonably con- 
stant feed to the subsequent apparatus. 

Liquid flow meters have been provided in 
those units in which the reboiler product is to 
be transferred to succeeding rectifying col- 
umns. These flow meters are located on the 
operating floor near the control panel for each 
unit; thus the rate of flow as well as any 
interruptions in operation can be immed- 
iately detected. 

In the units in which the reboiler product is 
to be removed from the system, bottom 
coolers have been provided. This will apply to 
units one and two and their purpose is to 
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Schematic flow diagram of the plant at 
Clairton which produces industrial and 
nitration toluol, benzol, xylol and solvents 


as by-products in the manufacture of steel. 


Each reboiler is connected with the rectify- 
ing column by a single vapor line in which has 
been inserted an expansion head. A self- 
sealing liquid return line has been provided 
also and in this manner the higher boiling 
materials are returned to the reboiler with the 
minimum of contact with the escaping vapors. 
The rectifying columns have been placed on 


removed from the column at a considerably 
higher level in the stripping section than that 
of unit number two. 

A caustic washer is provided in the system 
for the continuous treating of distillate in 
event that it is found necessary to carry out 
such treatment to remove corrosion as indi- 
cated by the copper strip test. 

The reboilers and rectifying columns as well 
as steam and product lines to the reboilers 
have been lagged with 85 percent magnesia, 
which in turn is protected with the usual water 
proofing materials. 

Each column is provided with a vapor off- 
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take line, which is connected with the con- 
densers and product coolers. 

This equipment has been uniformly design- 
ed so that the greatest amount of one size 
material is used in order to facilitate repairs 
and maintenance and also to minimize inven- 
tories of replacement parts. 

In order to accomplish this end it has been 
necessary to provide more condensers and 
coolers to the various units depending upon 
requirements and in all cases one extra has 
been added as a spare. 

The condensers which have been installed 
are limited to two sizes, while there is only one 
size cooler in the entire plant. The condensers 
on all units, with the exceptions of those for 
units six and eight, are all four pass floating 
head type made up of one inch—13 gauge 
seamless black tube. The condensers on units 
six and eight are different from those pre- 
viously mentioned in that they are six pass 
floating head type while the tubes are identical 
in size and material. 

The purpose of the floating head is to allow 
for expansion and contraction during heating 
and cooling in order to eliminate strains on 
the tubes and tube sheets and at the same 
time facilitate repair and maintenance.Among 
the principal advantages which are claimed for 
this equipment is that it is possible to remove 
the entire tube bundle intact with the min- 
imum of time and labor. 

The coolers for the products from each of 
these condensers are placed immediately 
below the condenser and arranged so that the 
condenser products flow by gravity to the 
coolers, the outlet of which is partially sealed 
in order to submerge the tubes. The cooling 
and condensing water rises directly through 
the various passes in each piece of apparatus. 
The coolers are all two pass floating head 
type containing one inch—13 gauge seamless 
black tubes. 

In both the condensers and coolers the 
cooling water circulates inside the tubes 
through the various passes and counter 
current to the flow of product, while the 
vapors and condensed liquid are contained 
between the tube and shell. 

The product from the cooler then passes 





Condensers and coolers at the 
top of the by-products plant 
at Clairton, Penn. 


into either a decanter or liquid level control 
tank. In cases where water will be present in 
the distillate, a continuous decanter tank has 
been provided. Unit number one which is for 
the separation of heads from the light oil, 
together with unit four which is for the separ- 
ation of acid washed residue from the light oil, 
as well as unit five for the primary distillation 
of pure products are fitted with this type 
decanter. This equipment is continuous in 
operation and is described as the fixed weir 
type in which the water separation is made by 
carrying a sufficient volume of liquid in the 
primary separation tank. The supernatant 
liquid will flow over the fixed weir while the 
water will be continuously removed from this 
section by a movable water level control. In 
this manner a sufficient head of liquid is 
maintained in order to effect a separation of 
water to a reasonably high degree while at the 
same time, water will be removed contin- 
uously. 


Observations Which Can Be Made and Controls Which Can Be Maintained 
Over Plant Operation From The Control Floor 


Method of Measurement 
Liquid Flow Meters 


Indicating (G. P. M.) 


Recording Flow Meters 
Recording Flow Meters 
Recording Flow Meters 


Indicating and Recording (G. 
Indicating and Recording (G. P. 
Direct Reading Gauge 


Direct Reading Gauge 
Direct Reading Gauge 


Indicating and Recording (Lbs. 
Indicating only (Lbs. /Sq. In.) 
Indicating only (Lbs. /Sq. In.) 


Potentiometer Pyrometer 
Potentiometer Pyrometer 
Potentiometer Pyrometer 
Potentiometer Pyrometer 


Pneumercator 
Pneumercator 
Direct Reading Gauge 
Direct Reading Gauge 


Indicating only (In. of liquid) 
Indicating only (In. of liquid( 
Indicating only (In. of liquid) 
Indicating only (In. of liquid) 


G. P. M.=gallons per minute. 
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F _ Type 
Indicating (G. P. M.)........... 


P. M.) 
Indicating and Recording (Lbs. /Hr.) 
+) 


Sq. In.) 


Indicating and Recording (deg. F.) 
Indicating and Recording (deg. F.) 
Indicating and Recording (deg. F.) 
Indicating and Recording (deg. F.) 


Purpose Served 
Feed rate to individual units. 
2 = Ratio of Reflux to product removal and flow 
rates of cach. 


Item 
1 


Flow of materials to crude and pure units. 
Steam to Crude and Pure Unit. 
Water to entire plant. 


who 


Reboiler pressure. 
Steam pressure. 
Air to air actuated devices. 


one 


Material in column above & below feed plate. 
Material in column at top and base. 
Material out of cooler. 

Water out of condenser. 


eee 


Liquid in heater section of the reboiler. 
Liquid in reservoir section of the reboiler. 
Liquid in individual product receiver tanks. 
Liquid in liquid level control tanks. 


oN 


1 Distribution of products from receiver to 
storage tanks. 

2 Main steam supply to each unit. 

d Main water supply to each unit. 


1 Remote control switches: for operation of 
transfer pump. 
Operation of continuous water filter. 


The pump or liquid level control tanks, as 
the name implies, serve a dual purpose, that is, 
they contain the apparatus for the control of 
liquid level in order to provide a constant 
head for the distillate pump, together with 
serving also as a surge tank. These tanks are 
provided with a liquid level control and their 
function is the same as those for the bottom 
product from the reboiler, in that they 
actuate a valve immediately after the dis- 
tillate pump, thereby providing direct control 
of product flow. These tanks have been fitted 
also with facilities in the form of piping, such 
as overflow and venting lines together with 
water lines in order to serve as a purging 
medium during periods when repairs are 
necessary. 

The product is then delivered to the dis- 
tillate pump by gravity. Each unit is provided 
with dual distillate pumps, one of which is 
retained as a spare and their operation is con- 
trolled in a similar manner to the reboiler 
product pumps, that is, from the control 
panel of each unit. These pumps are situated 
on the operating floor and all are single stage 
electrically driven centrifugal pumps. The 
distillate is then delivered to a common line, 
the flow of which is divided near the control 
panel between two rotary liquid flow meters. 

These flow meters are located immediately 
adjacent to the control panel for the individ- 
ual unit and each is equipped with a man- 
ually operated valve for the control of distri- 
bution of distillate flow between reflux 
material and production. The reflux material 
is returned to the top of the column while the 
remainder of the product is removed and 
placed in storage tanks. In this manner it is 


possible to maintain accurate ratios between 


product and reflux and the quantity of 
material which will be removed as product 
in relation to that which is returned to the 
column as reflux will vary to a great extent 
depending upon the degree of rectification 
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which is required. Each column has been 
rovided with these rotary sight flow meters. 

The distillate products which are recovered 
at this point will be, in the crude distillation 
unit, transferred directly to large storage 
tanks w hile these from the pure unit, with the 
exception cf unit number five, will be collected 
in individual product receiving tanks. Unit 
number four has been equipped with four 
tanks of 2,900 gal. capacity each, unit num- 
ber six has three with a capacity of 2,200 gal. 
each, while units seven and eight are fitted 
with three each, having an individual capacity 
of 1,250 gal. By this method it is possible to 
control and minimize the contamination of 
large quantities of specification products by 
obtaining definite information on chemical 
characteristics of the material prior to dis- 
position. 

It has been mentioned previously that the 
operation of the plant is controlled from one 
central point and that control boards have 
been provided for each unit. 

The various instruments which constitute 
acomplete panel consist of a mercurial reboiler 
pressure gauge, the entire steam controlling 
apparatus including recording device for 
reboiler pressure and the gauge for indicating 
quantities of materials in the reboiler heating 
compartment and reservoir, as well as the 
remote control switches for operation of 
transfer pumps. These instruments have 



































been described along with the various appar- 
atus in which they function. In addition to 
the above, however, each panel has been 
provided with a temperature indicating and 
recording instrument for the observation and 
control of temperature at various strategic 
points in each system. This instrument 
indicates and records simultaneously the 
temperatures at six points in each unit, 
namely; the temperature of the material in 
the column above and below the feet plate, 
as well as the material at the top and base of 
the column together with the temperature of 
the distillate out of the cooler and the water 
out of the condensers. In addition to the 
above, the panels for units one, four and five 
are fitted with controllers to maintain a con- 
stant rate of feed. Since each of these units 
represents the starting point in the three 
main sections of the plant it can be seen that 
a means is necessary for control of flow rates. 
The instrument is entirely automatic and in 
addition to being both recording and direct 
reading, will maintain a definite predeter- 
mined rate of flow. 

The main steam lines to both the crude and 


Right, distillation curves of crude light oil and 

products recovered in the crude distillation unit. 

Below, distillation curves of acid washed benzol- 

toluol-xylol fraction and products recovered in 
the pure distillation unit. 
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pure unit have been provided with orifice 
plates for the measurement of quantities of 
steam and recording instrument have been 
included on the control panels for units one 
and four. These instruments record the total 
steam consumption of the individual crude 
and pure units. Orifice plates are included in 
each of the steam lines to each reboiler al- 
though no recording or measuring devices 
have been installed. It is felt that, while at 
various times it will be necessary to measure 
the steam consumption of each unit, no 
advantage is to be gained by providing for 
constant measurement of these quantities and 
the installation of the orifice plates is included 
only to facilitate measurement when it is 
necessary. These recorders for units one and 
four are direct reading in thousands of 
pounds per hours. 

The quantity of water which is consumed 
in the entire plant is indicated on a direct 
reading recording instrument. An orifice plate 
is included in the main water supply line and 
the recorder which is installed will indicate 
water consumption in gallons per minute. 

As an aid to the centralized control princi- 
ple, the control valves, wherever possible, 
have been installed in close proximity to the 
control panels. The manifold valves which 
control the disposition of materials from the 
pure unit in addition to the controlling valves 
for the crude and intermediate products are 
all situated at this location with the conse- 
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quence that at no time will it be necessary 
for the operator to lose sight of the entire 
operation for any sustained period of time. 

The itemization shown in Figure 5 will 
further illustrate the observations which can 
be made and control which can be maintained 
over plant operation from either the main 
control panel for each unit or within a rela- 
tively short distance from this panel on the 
operating floor. 

In addition to these recording instruments 
the various pieces of individual equipment 
have been provided with temperature and 
pressure gauges. Among these are the dial 
type thermometers which are installed on 
each condenser. It has been mentioned that a 
recording thermometer has been provided to 
indicate the temperature of the outlet water 
from the condensers. This temperature ap- 
plies only to the outlet water from the bank 
of condensers for each unit, while the direct 
reading dial thermometer is used to indicate 
individual condenser performance and pro- 
vide ease of reading. The water outlets from 
these condensers are located considerably 
above the floor level and the installation of 
the conventional type glass tubing thermom- 
eter would have been of little or no value. 

The regulation type mercurial thermom- 
eter as well as dial type pressure gauges have 
been installed at various points where it is 
felt they would be an aid to plant perform- 
ance and efficiency. 

CRUDE UNIT 

The general plan of operation of the unit is 
to effect a separation of the crude light oil in 
units one, two and three, inclusive, into crude 
forerunnings and crude benzol as required, in 
addition to a broad fraction containing benzol- 
toluol-xylol for subsequent recovery of pure 
products after acid washing and a residual 
fraction containing high boiling point sol- 
vents, wash oil and naphthalene. 

The flow diagram shown on page 91 illus- 
trates the general recovery scheme for the 
plant. 

This is accomplished by pumping contin- 
uously the crude light oil as recovered by 
direct steam distillation of the benzolated 
wash oil into the first column at a rate of 
5,000 to 6,000 gal. per hour. A distillate 
fraction, commonly called forerunnings, is 
removed from the light oil which contains 
carbon bisulphide and highly unsaturated 
hydrocarbons as the first step in the distilla- 
tion process. The light oil is then transferred 
from the reboiler and fed into the second unit 
where a portion of the benzol is distilled over 
and reserved as a crude fraction. The residual 
oil is transferred from the reboiler of the 
second unit to unit number three for the 
separation of a crude benzol-—toluol—xylol 
fraction from the heavy solvent and wash oil. 

An alternate method is provided for the 
operation of these units, in which a crude 
benzol fraction containing all of the fore- 
runnings can be removed from the light oil in 
the first unit, in which case unit number two 
will effect the separation of forerunnings from 
the benzol; the forerunnings being recovered 
as an overhead product and the crude benzol 
as a side stream near the base of the column. 
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Looking down on the lower pump room and 
the bottom product transfer pump, air com- 
pressor and water conditioning apparatus. 


This method of operation is indicated in the 
flow chart by a broken line. Under this 
method of operation the residual oil in 
number one unit provides the feed for the 
third unit and the crude benzol-toluol-xylol 
fraction will be recovered as_ previously 
described. 

If it is desired to discontinue the production 
of this crude benzol fraction, or to convert the 
entire available quantities in the light oil into 
pure products, the operation of the unit can 
be changed so that only a three product 
separation will be made, namely; crude fore- 
runnings and a crude benzol-toluol-xylol 
fraction as distillates and the heavy solvents, 
naphthalene and wash oil as residue. 

The operation of the unit under these condi- 
tions will be materially changed so that only 
two of the existing units will be used. This 
procedure will remove the low boiling com- 
pounds as a distillate in the first columns and 
transfer the reboiler material into the third 
unit. In this case the function of the third 
unit will remain the same as previously 
described. 

The distillation curves for the crude light 
oil feed and distillates recovered from the 
crude distillation unit are shown in Fig. 3. 

The crude distillation plant has been de- 
signed with sufficient capacity to refine all of 
the light oil produced when the coke plant is 
operating at full capacity and to assure wide 
enough range of operation in order to effect 
the division and quality of crude products 
which have been described previously. 








PURE UNIT 


The operating procedures for the pure unit 
are as follows: The crude benzol-toluol-xylol 
fraction which is recovered in the crude unit 
is acid washed by batch operation. This is an 
intermittent process and is part of the old 
plant to which various improvements have 
been added, such as settling tanks in order to 
facilitate the removal of suspended material. 

The product from these settling tanks is fed 
into fractionating tower of unit four near the 
top and the separation which is offered is the 
removal of the overall fraction containing the 
acid washed benzol-toluol-xylol and solvents 
as the distillate and polymerized residue as 
the material from the base of the column. 
The residue is removed through the decanters 
while the distillate is transferred to one of 
three 35,000 gal. tanks. 

The purpose of these tanks is to serve as 
surge take-up and at the same time maintain 
sufficient storage of materials to insure 4 
uniform feed to the succeeding pure product 
units. Since the remaining units from this 
point are continuous in operation, in that the 
residue from each reboiler is used as feed to 
its successor, and since the uniform balance of 
product removal, in relation to feed must 
remain in constant equilibrium, in order to 
obtain maximum product quality, it can be 
seen that uniform feed to this unit is of ut- 
most importance. 

Arrangements have been provided for feed- 
ing the distillate product from this column 
directly to unit number five; although for the 
reasons previously stated this method is not 
desirable, it could be used in case of necessity. 

The quality of product which is recovered 
from number five still will, of course depend 
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General view of con- 
trol panel and flow 
meters in the Clair- 
ton, Penn. plant of 
the Carnegie-Illinois 
Steel Corporation. 


upon the character of the light oil; and the 
function of this column is to remove the low 
boiling constituents from the washed benzol- 
toluol-xylol fraction prior to production of 
pure benzol in column six. It has been found 
that this product is free from corrosion as 
indicated by the copper strip method. 

The product from the reboiler of this unit is 
transferred directly into the column of unit 
number six, the function of which is the 
production of high quality pure benzol. The 
unit has been found capable of producing a 
product with a boiling range of less than one 
degree centigrade without difficulty in addi- 
tion to a high freezing point. The benzol is 
neutral in reaction, the corrosion test negative 
and the wash test has been found to be 
equivalent to Barrett number one or less. 

The material which collects in the reboiler 
will obviously contain all of the toluol, xylol 
and higher boiling homologues together with 
a small amount of benzol and intermediate 
fractions. The purpose of the following unit, 
therefore, is to remove the intermediate 
material which boils between the benzol and 
toluol fraction in order to provide for the 
recovery of toluol of high purity in the next 
succeeding unit. It can readily be seen that 
the character of the distillate from unit 
number seven will be subject to considerable 
fluctuation in the boiling range and may vary 
between 10 and 30 deg., depending upon the 
character of the benzol desired from the 
previous column as well as the toluol desired 
from unit number eight. This number seven 
unit, therefore, is for the removal of the inter- 
mediate fraction and this is accomplished in 
the same manner as has been described for 
unit six in that the material is fed into the 
unit near the center of the column and the 
intermediate product recoveredas a distillate. 

The material from the reboiler of this unit 
number seven which consists of toluol, xylol, 
ete., is transferred to unit eight for the 
removal of commercially pure toluol as a 
distillate and a xylol fraction as a side cut, 
while the material in the reboiler will consist 


of part of the xylol fraction in addition to 
higher boiling solvents. 
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The quality of toluol which has been pro- 
duced has been found to have less than one 
degree boiling range, is neutral in reaction, 
free from corrosion and has a low Barrett 
wash test. 

In the operating scheme previously shown 
the operation of the pure unit for the produc- 
tion of the optimum quantities of commerc- 
ially pure benzol and toluol in addition to the 
recovery of a xylol fraction as a side cut 
product from unit eight has been described. 

The distillation curves shown in Figure 4 
indicate the boiling range of the various 
products recovered in this pure distillation 
unit. 

The principal advantages claimed for the 
continuous plant which have been installed 
are as follows: 


(1) Speed of production by which it is 
possible to produce relatively large quan- 
tities of high purity products in the mini- 
mum time. 

(2) Possible to produce the optimum 
quantities of pure products—without the 


necessity of reprocessing intermediate frac- 
tions. 

(3) Concentration of plant and central- 
ization of controls which result in advan- 
tages such as. ease of supervision, operation, 
etc. 

(4) Elimination of contamination of 
products due to constant production of one 
grade material from one still. 

(5) Economy of operation such as con- 
servation of steam and water. 


ADDITIONAL FACILITIES 


In addition to the fractionating facilities 
which have been provided on the continuous 
unit, it was considered advisable to rehabili- 
tate some of the existing batch stills which 
were part of the old equipment. This was 
accomplished by replacing the existing de- 
phlegmator and condensers with the same type 
condenser which has been installed in the new 
plant. The equipment was further modern- 
ized by the installation of decanters, liquid 
level control tanks, product pumps and rotary 


flow meters. This apparatus was added to the 
existing columns and still tanks, while a fifth 
still was fitted with an entirely new column 
in addition to the above equipment. 

It was felt that the additional facilities 
would be of considerable advantage for the 
production of special products in order to 
meet individual specifications. 


GENERAL 


The discussion thus far has been limited to 
the description of the apparatus and its 
function with regards to production while 
certain other features have been installed in 
the plant which have been included in the 
interest of economy and maintenance. 

Traveling cranes have been provided in 
order to expedite the removal of tube bundles 
from the reboilers as well as the cooling and 
condensing equipment. There are two such 
cranes, one of which is immediately adjacent 
to the reboilers while the other is installed 
over the roof of the building. The crane which 
has been installed for the removal of tube 
bundles from the reboilers, is that in which 
one leg is supported on a track which in turn 
is supported on the foundation pillars for the 
floor on which the fractionating towers are 
located, while the other leg is supported on a 
track at yard level at a sufficient distance 
away so that it is possible to remove the entire 
tube bundle by the movable device on the 
trolley. The crane which is over the building 
is for the repair and maintenance of the 
condensers and coolers and both foundation 
legs are supported on the side walls of the 
building. Both cranes travel the entire length 
of the building. 

In order to insure that the plant will be 
guaranteed a supply of water which is reason- 
ably free from silt and other materials which 
usually collect in condensing and cooling 
equipment a continuous filter has been 
provided in the main water supply line. 

The transfer equipment is electrically 
driven and the main controlled units for the 
operation of the remote control system have 
been installed in a separate building at a 
sufficient distance from the continuous plant 
in order to eliminate any fire hazards from 
this source. The motors are all the latest type 
explosion-proof and all electric lighting equip- 
ment including switches and lights are all of 
the accepted standards required for hazard- 
ous atmospheres. 

The entire plant including rehabilitation of 
the existing equipment has been designed by 
the Semet-Solvay Engineering Corporation 
in conjunction with the engineering and 
operating forces of the Carnegie-Illinois Steel 
Corporation and special consideration has 
been given to the economics of production, 
ease of operation and the installation of 
safety measures for the protection of the 
personnel and plant. 

The author wishes to acknowledge the 
assistance of Mr. F. M. Thatcher, Chief 
Chemist, and Mr. F. M. Becker, Assistant 
to Chief Chemist, together with members of 
the Clairton Works organization of the 
Carnegie-Illinois Steel Corporation, in the 
preparation of this description. 
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DOW TH ER M = A New Development for 


Indirect Heating 
By J. C. Glen 


Foster Wheeler Corp. 


Developed for General Indus- 


trial Use. Close Temperature 


Control Characteristic of Dow- 
therm May Open Wide Field of 
Application in Newer Refining 


Processes. 


Dowrtuero is a mixture of diphenyl and 
diphenyl oxide developed for use as a high 
temperature, low pressure, heating medium. 
This substance has proved satisfactory and 
economical for vapor phase heating in the 


temperature ranges higher than those eco- 
nomically possible with steam. Many applica- 
tions have been developed for the oil industry, 
especially in solvent refining and in the manu- 
facture of high octane motor and aviation 
fuels where extremely close temperature con- 
trol is a primary requirement. Since Dow- 
therm vapor gives up its heat upon condensa- 
tion, temperature control is positive and is 
easily obtained. As long as there is a supply of 
vapor to the heater or reboiler, the tempera- 
ture in the unit remains constant. It is also 
possible to work with relatively low tempera- 
ture differences inasmuch as most of the heat- 
ing effect is due to the latent heat of condensa- 
tion. 

Dowtherm has a boiling temperature of 500 
deg. F. at atmospheric pressure and a temper- 


Figure 1: Simplified flow diagram of 100 octane 
blending stock plant showing reboilers and 
preheater heated with Dowtherm vapor. 
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ature of 700 deg. F. can be obtained with ay 
absolute pressure of only 103 lb. per sq, jn, 
Temperatures as low as 350 deg. F. can be 
obtained by vacuum operation. This temper. 
ature range covers most refinery processes, 
Dowtherm is a stable compound at temper. 
atures up to 750 deg. with the result that there 
is no deterioration of product and operation js 
simplified by the elimination of coking and 
cracking, both of which are constant sourees 
of annoyance in early refinery methods involy. 
ing the circulation of gas oil or other distil]. 
ates. 

When Dowtherm is used as an indirect 
heating medium, a single vapor generator can 
take care of all of the heating requirements of 
a single refinery process by producing vapor 
of the desired pressure and temperature for 
the highest temperature requirement. Throt- 
tling of vapor through automatic reducing 
valves reduces its temperature and pressure 
for all other indirect uses in the system. 

Dowtherm condensate is a clear liquid 
which will not foul the heating surfaces of 
preheaters, exchangers and reboilers with the 
result that maintenance costs are negligible. 
Since Dowtherm is used in vapor form, heat 
transfer rates are high per unit of heating 
surface and heaters are small enough to per. 
mit placing them economically in mos 
advantageous positions. This reduces piping 
cost for oil lines and eliminates much of the 
pumping required when heaters are direct 
fired or when a liquid heating medium is used. 

Two arrangements are generally available, 
The entire flow may be by gravity if the in- 
direct heaters can be placed at sufficient 
elevation to permit gravity return of Dov- 
therm condensate to the Dowtherm vapor 
generator as shown in Figure Three, 
Such an arrangement operates the same as: 
domestic steam boiler in that no feed pum 


Figure 2: Comparison between a poly plait 
preparation unit using direct fired heaters ani 


Dowtherm indirect heaters. 
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ia is required. The other arrangement involves 
eee the use of a condensate tank placed at ground 
level for receiving condensate by gravity, from 
Loris sae + all of the heaters using the Dowtherm vapor 
pt oe as shown in Figure Four In this case 
Wer, + a small return pump is used to maintain 
-------+ . : 
h an a proper level in the vapor generator taking 
- in, sbdiadia ‘sali oe \ condensate from the condensate receiver. 
n be ~ 
}------ ~ 
1per- | Hye fee HEAT CONTENT DENSITY 
. o.oo {Temp. Pressure B.t.u./tb. [ibs. /eu. ft. 
_ REBOLER re - deg. F. p.s.i. Sp. 
1 ae... ' abs. Liquid Latent Total Heat Liquid Vapor 
per- ee hb ep hb dt) f------ - 53.6 04 164 164 0.37 
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there ' _ ou p=----- 4 arte 60 «6150 ©«=6.210 (0.44 62.5 0.0012 
ion is gs ae 300.....0.74 108 142 «62500 )=— 0.50 59.6 0.012 
i 100. 4.1 162 134 296 0.57 56.7 0.068 
and ‘ears = 500. 15.0 222 123 345 0.63 54.1 0.28 
; 600. 43.0 288 110 398 0.66 50.4 0.88 
urces & or anser 700... 103.0 358 97 455 0.68 16.9 1.7 
voly- p= ----- 1 
' 
istill. ‘ain The Dowtherm vapor generator is built on 
iat is Pie 7 ae Brace Fi 7 the order of a modern steam boiler and is illus- 
direct peer trated in Figures Six and Seven. It 
een 90 Ie 0 ee eS ea CR Ss ee eee ‘ operates at a correspondingly high thermal 
eee ee ~~ . . . J . 
nts of y} H a efficiency. It is generally much more efficient 
vapor 4 7 than a direct fired oil heater or a heater for 
re for y recirculating gas oil. The Dowtherm unit is 
Throt- f likewise smaller and much less expensive to 
H ZY DOOWTHERM CONDENSATE . ye ° 
Jucing Y S build. Figure Two shows an_ inter- 
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essure Y; , esting comparison between a Dowtherm 
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required a pressure distillate stabilizer, a 
reformed gas stabilizer, a depropanizer and a 
prefractionator with a total heat input of 
36,000,000 Btu. per hour. Four direct fired 
heaters cost $80,000 to install and require 
the use of charge pumps for each heater with 
a daily power consumption of 1,350 k.w.h. 
The complete Dowtherm installation includ- 
ing vapor generator, accessory equipment and 


Figure 5: Arrangement of a furfural solvent 
refining process with Dowtherm indirect heat- 
ing for hairline temperature control, 


Dowtherm to fill the system, cost only $50,000 
and requires no charging pumps since the re- 
boilers were of the thermo-syphon type. In 
addition to the saving of first cost and saving 
in operating cost, a better product is obtained 
by the entire elimination of local overheating. 


Figures 6 & 7: Construction view of Dowtherm vapor generator with tubes installed and 
a diagrammatic drawing of the same unit which has a capacity of 5,000,000 BTU per hour. 
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Figure One shows the application ofa 
Dowtherm vapor heating system to a blend- 
ing stock unit for the manufacture of 10 
octane aviation gasoline. The reboilers on the 
debutanizer tower and rerun tower are both 
of the kettle type assuring a thoroughly 
stripped end product without danger of over- 
heating. The charge for the rerun tower is 
preheated in a shell-and-tube type preheater 
also thermostatically controlled by flooding 
with condensate. 

Figure Five shows the application 0 
a Dowtherm system to a furfural solvent 
refining plant in which Dowtherm vapor i 
used in the evaporator and hot Dowtherm 
condensate from the evaporator is used 4 
heating medium in the heat exchanger and 
reboiler. 

There are some modern refineries where 
steam is generated at sufficient pressure to be 
used in many heating processes in the Dov- 
therm range, but nevertheless Dowtherm is 
preferable for several reasons in addition to 
the saving in equipment cost due to the lower 
operating pressure of Dowtherm equipment. 
The use of steam from a central plant require 
long high pressure lines which are expensit? 
and must be equipped with numerous expal- 
sion joints. After the steam is made available 
at the process site provision must be made for | 
desuperheating since superheat would make 
hot spots in the heater that would cause local 
overheating. Finally steam taken from col | 
siderable distance is subject to variation ™ 
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pressure. If the steam is generated at a 
nominal pressure of 600 lbs. per sq. in., it 
would leave the superheater outlet at a 
pressure varying from 570 to 595 lbs. per sq. 
in. depending upon load. In transportation of 
1,000 ft. it is subject to a pressure loss up to 
50 lbs. depending on amount drawn from the 
line at various points. Thus it is not un- 
reasonable to expect a steam pressure at the 
process varying between 520 and 590 lbs. per 
sq. in. which gives a temperature fluctuation 
of saturated steam from 474 to 487 deg. F. 
A Dowtherm installation at the process site 
would not have a temperature fluctuation of 
more than plus or minus two degrees F. 

Dowtherm vapor, as an indirect heating 
medium, is also superior to circulated hot oil. 
Since Dowtherm is used in the vapor phase 
the temperature throughout the heater or 
reboiler is uniform whereas the oil tempera- 
ture drops as soon as heat is removed. Smaller 
quantities of Dowtherm are required with 
resultant savings in piping costs and lower 
equipment costs mentioned above. Circulated 
hot oil is usually at a temperature considerably 
above the flash point making it subject to 
fire hazard in case of leakage. Dowtherm on 
the other hand is slow burning. It is also non- 
poisonous and inexpensive; the original charge 
in the system will last indefinitely without 
thickening or becoming scale or coke forming 
after years of service. The first industrial 
Dowtherm installation made ten years ago 
still shows no sign of deterioration. 

The number of possibilities and arrange- 
ments of Dowtherm vapor to refinery pro- 
cesses is almost unlimited. Only a few of the 
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numerous applications have been worked out 
but it would be a very simple matter to apply 
such a system to any process involving re- 


Above, Figure 8: 
Dowtherm vapor in- 
direct heating system 
applied to an alkyla- 
tion plant. Thermo- 
syphon reboilers on 
each column and the 
preheater on _ the 
debutanizer are all 
heated with Dow- 
therm. 


Right, Figure 9: 
Dowtherm vapor 
generator __ installa- 
tion in an Eastern 
refinery showing the 
small size of the 
Dowtherm unit and 
its simplicity. Opera- 
tion of the Dow- 
therm generator is 
fully automatic. 
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boiling or indirect heating with close terminal 
differences. The product can be improved and 
costs reduced in almost every instance. 






































War Controls Course of Refinery CONSTRUCTION 


Probable Net Loss of Refining 


Capacity Outside U. S.—Acidu- 


lated Cracking in Russia—U. 8. 
Refiners Adding Catalytic Proe- 


esses. Increasing Capacities. 


Tue primary factor affecting the work of 
refinery construction and modernization 
throughout the world during the past year 
undoubtedly has been the wars in Europe and 
the Far East. In commenting on this situa- 
tion, the Annual Refinery Issue of WORLD 
PETROLEUM for 1939, said: 


‘‘Changes in supplies sources and trade 
routes caused by the war in Europe have 
directed renewed interest . .. to the location 
and capacity of refining plants which must 
be depended upon to process this crude into 
various petroleum products. Of the bellig- 
erent nations, neither Britain nor Germany 
has refining facilities adequate to supply 
their normal commercial requirements. 
France is somewhat better equipped in this 
respect. Its 20 plants have a total crude 
capacity of roundly 6,500,000 metric tons of 
crude annually. Germany’s established 
facilities enable her to refine something 
over half her annual crude requirements, 
while the United Kingdom can process con- 
siderably less than half her peacetime 
needs.”’ 


These words were written shortly after the 
outbreak of hostilities. The fate of the refin- 


eries of Germany, France, England and Italy 
remains shrouded in mystery. Fragmentary, 
and unreliable reports speak of the destruc- 
tion of a large part of the French refining 
capacity; mumerous communiques refer 
to frequent bombing of German refineries 
and synthetic oil plants; beyond question, 
considerable damage must have been done to 
the refineries in Europe. Italian refineries 
have been bombed by the R. A. F. and 
recently reports have been received of the 
bombing of the Bahrein refinery in the Persian 
Gulf. No exact appraisal of the extent of this 
damage, nor of the steps that may have been 
taken to construct new refining capacity in 
any of these countries is now possible. How 
much of the 3,000,000 bbl. per day refining 
capacity that existed outside of the United 
States remains undamaged and in operation 
is of course a matter of conjecture: on the 
basis of reports received and making due 
allowance for the propaganda motives which 
inspire many of these reports it may be 
assumed that this 3,000,000 bbl. per day 
capacity has undergone a substantial net loss. 

Against the destruction of refining capacity 
in Europe, may be placed, the completion of a 
large modern refinery in Eastern Venezuela 
and a considerable amount of work in _in- 
creasing the capacity of the world’s three 
largest plants, two of which are located in the 
Dutch West Indies and one in Iran. So far, no 
reports have been received that would indi- 
cate that these three plants have suffered any 
damage whatsoever, as a result of the hostil- 
ities. Obviously, no information as to the 
extent or type of work on these or other 


Phenol extraction plant of the Kendall Oil & 
Refining Company charging 1500 bbl. per day 
for extraction of neutrals and bright stocks. 





re fneries cutside the Lnited States is avai). 
able. It is simply an assumpticn that th 


exigencies cf the present situaticn have led ty | 
work on these and other plants cu‘side the | 


United States designed to increase theiy 
efficiency and add to their total capacity. 

In common with the rest of Europe, pra. 
tically no reports on actual refinery ¢op. 
struction have come from the U. S. §. R 
There is however, one report from the Soviet 
Union which may be of considerable signif. 
cance for the future of the Russian refining 
industry. Professor Tchelinzev in an article 
published in INDUSTRIA for June 29, 1949 
states that the method of cracking crude oj 
in the U.S. S. R. does not meet the demands 
of the highest standard of products, and is yn. 
economical because of the high rate of waste. 
He refers to the low yield of gasoline which he 
states is of the order 33-34 percent of the 
charged crude. He also calls attention to the 
low octane number of this gasoline which, 
without the addition of tetraethyl lead, 
reaches only 60 o.n. 

After reviewing briefly the alleged short. 
comings of the Houdry system which has 
become the subject of wide-spread interest 
among the refiners of the Soviet Union, 
Professor Tchelinzev refers to the system 
worked out by K. Dubrovaya several years 
ago in the U.S.S. R. and known as “‘Acidu- 
lated Vapor Phase Cracking’. While the 
advantages of this system were not recognized 
by the officials of the Soviet oil industry when 
the process was first presented by Dubrovaya, 
Professor Tchelinzev now points out that 
acidulated vapor phase cracking is superior 
in many ways to the Houdry process and 
would be extremely important for the refin- 
ing of crude oil from the Second Baku 
district. Crude oil from this area con- 
tains between 2.4 and 2.6 percent of sulfur 
which can be reduced to .04 percent when 
treated by the Acidulated Vapor Phase 
system. 

According to the Professor, Dubrovaya’s 
process yields 85-86 octane gasoline without 
the use of a catalyst; when a catalyst is added, 
it is possible to produce 91-92 octane gasoline. 
Among other advantages, Professor Tchel- 
inzev refers to the fact that heating in this 
system is accomplished by air enriched with 
oxygen introduced into the reaction chamber, 
thereby avoiding the formation of coke; three 
reaction chambers are eliminated and theres 
no need to regenerate the catalyst at frequent 
intervals. 

While the process is not fully described by 
any means, it may prove of ccnsiderable 
significance to the Russian oil industry at the 
conclusion of the war. It will be recalled that 
one of the obstacles encountered by the 
Russian refining industry was the production 
of a reasonably high octane, sulfur-free 
gasoline. These statements of Professor 
Tchelinzev would irdicate that a rrecess 8 
now available in Russia that dces rct involve 
high in stallaticn or creratirg ccsts erd which 
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would yield a gasoline of excellent octane 
rating. For the duration of the present Euro- 
pean conflict, it may be assumed, however, 
that officials of the Soviet Union charged 
with supplying gasoline for the military 
establishment as well as for meeting the 
requirements of the civil population, will no 
doubt concentrate largely on extending the 
capacity of plants using tested and time- 
proved distillation, and cracking methods. 

Incomplete reports from abroad refer to the 
construction of a 4,800 bbl. per day atmos- 
pheric and vacuum topping unit together with 
a 1,350 bbl. per day rerun unit and a 1,200 
bbl. per day stabilizer in India. Construction 
of these units was completed early in 1940 
and the plants are now on stream. During the 
past year, a benzol-ketone de-waxing plant 
was also constructed in India and is now in 
operation. At present a propane recovery unit 
is under construction in that country. 

In Netherland India, one vacuum lubri- 
cating oil rerun unit was completed early in 
1940. 

In France during the early part of this year, 
construction was halted about half-way along 


_on four plants for aviation gasoline production 


including iso-pentane, hydrogenation for 
iso octane, selective polymerization for iso 
octane and feed preparation units. 

In England, one complete lubricating oil 

refinery was completed and started up in the 
first half of this year. A number of cracking 
and distillation units were under construction 
recently and have now been put on stream or 
soon will be. 
In Japan, a complete lubricating oil plant 
including vacuum distillation, benzol-ketone, 
dewaxing, furfural refining and contact 
filtration was constructed and is probably 
now 1n operation. 

In South America, the small refinery of the 
South American Gulf Oil Company on the 
Barco Concession was completed and put on 
stream about eleven months ago in accord- 
ance with the stipulation of the concession- 
contract. 


In Argentina, a 2,000 bbl. per day combi- 
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Air view of the Hancock Refinery at Long 
Beach, California. 


nation, topping and cracking unit, a 3,500 bbl. 
per day combination, topping and cracking 
unit, and a 5,000 bbl. per day visbreaker were 
constructed during the current year. 

In Peru, a complete refinery with topping 
was completed during 1940. 

In the United States as in the rest of the 
world, the European and Far Eastern wars 
have had a profound influence on refinery 


Two coil selective Dubbs cracking unit of the 

Cosden Oil Corporation at Big Spring, Texas 

with a rated charging capacity of 5,000 bbl. 
per day. 


construction, modernization, and the types of 
processes towards which the refining industry 
has turned its attention. 

For the first time in four years, the actual 
number of refineries in the United States 
showed an increase as of January 1, 1939 com- 
pared with January 1, 1938 according to a 
report of the Bureau of Mines. This report 
indicates a total of 547 refineries in the United 
States of which 461 were operating. 

Numerous consultations have been held 
by members of the National Defense Advisory 
Commission with members of the oil refining 
industry with a view to securing strategically 
located refining capacity and to assure ade- 
quate supplies of the specialized products that 
would be required in the event of war. As yet 
however, very little of this construction has 
actually got underway, due partly to the fact 
that the U. S. refining industry was in a posi- 
tion to furnish quantities and types of 
products such as would be required in the 
event of war, without dislocation of normal 
operations, and due also to the necessity for 
very careful planning in respect to such con- 
struction as it would be necessary to under- 
take. It is not to be expected that much of the 
modernization and extension work that will be 
undertaken by the industry in collaboration 
with the National Defense Advisory Com- 
mission and the War and Navy Departments, 
will be underway before the spring of 1941. 

Two types of plants are lacking in the 
United States for the production of material 
from petroleum that would be required in a 
national emergency. One of these products is 
tuluol, normally produced from coke-oven 
light oil as a by-product of steel manufacture. 
Such a plan is described on page 88 of this 
issue. It has been estimated that the com- 
mercial requirements for tuluol can be met 
from existing capacity for the treatment of 




















coke-oven light oil. Because toluol is one of the 
principal ingredients of T. N. T. requirements 
for this product would be greatly increased 
in any national emergency. Calculations by 
officials charged with meeting defense require- 
ments in collaboration with research workers 
in the petroleum industry have indicated, 
however, that all additional military require- 
ments could be met by the production of 
tuluol from petroleum if adequate facilities 
were available. 

In this connection it is interesting to note 
that the War Department recently announced 
a contract with the Humble Oil and Refining 
Company for the construction of a $10,760,- 
000 new plant at Baytown, Texas for the 
production of this important product among 
other things. The same announcement refer- 
red to an additional $1,077,000 for the expan- 
sion of the present Humble plant at Baytown. 
The company will defray these costs with the 
usual five year amortization. 

Other factors that have controlled the 
extent and direction of refinery construction 
and modernization have been the increasing 
domestic demand for motor fuel and the 
trend towards constantly higher qualities of 
motor and aviation fuel. These factors have 
been controlled and limited however by the 
increasing stringency of competitive condi- 
tions and the constant necessity for reducing 
the cost of petroleum products. Despite these 
limiting factors it has been estimated else- 
where in this issue that refinery construction 
and modernization has involved the expend- 
iture of the gigantic sum of over $200,000,000 
during the past year. 

Extensions of the Houdry process have 
been reported. In November, the Sun Oil 
Company will place in operation a new 
Houdry twelve-case catalytic cracking unit 
designed for the conversion of gas oil stocks 
thermally cracked at the Marcus Hook 
plant. This company has also added a Houdry 
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Aurora Gasoline Company’s 2,000 bbl. per day 
Dubbs cracking unit on the River Rouge near 
Detroit. 


catalytic reforming process to their Marcus 
Hook catalytic cracking and treating unit 
which was reported on in the 1939 Refinery 
Issue of WORLD PETROLEUM. This plant is 
now capable of complete catalytic processing 
of crude oil and is the first combination unit 
of its kind in the United States. These addi- 
tions to the Marcus Hook plant of the Sun Oil 
Company are referred to more fully on other 
pages of this issue. 

In the east, the Standard Oil Company of 
NewJersey recently embarked on an expansion 
and modernization project for the company’s 
Bayway refinery, to cost approximately 
$2,500,000. While not officially stated, it is 
expected that a part of this improvement will 
include the installation of the new hydro- 


Aerial view of the Los Angeles harbor refinery 
of the Union Oil Company at Wilmington, Calif. 








forming process and that the work a: Bayw,, 
will be at least indirectly connected with the 
National Defense Program. 

At nearby Bayonne, New Jersey, the Tig. 
Water Associated Oil Company has instal}; 
a combination gasoline stabilizer and Vapor 
recovery plant for the stabilization of 18 (yj | 
bbl. of gasoline per day. More recently iy, 
Water has awarded a contract to £, } 
Badger and Sons Company for the eq, 
struction of a Houdry catalytic retining yy; 
at the Bayonne plant. The new unit is gi 
to have a capacity of 15,000 bbl. per « 
which will be added to the existing capaci 
of Tide Water’s Bayonne refinery previous 
amounting to 55,000 bbl. of crude oil per 
and a cracking capacity of 21,000 bbl. » 
day. 

In Philadelphia, a naphtha heater and po} 
form naphtha charging unit have been 
stalled by the Lummus Company. 

At Barber, N. J., the Barber Asphy; 
Corporation has recently revamped its (os 
cracking plant by the replacement of the jj 
furnace with two new furnaces and is furthe 
modernizing this unit by changing it primar 
from a single coil cracking unit to a combine 
cracking and topping unit, to operate on; 
once-through and recycle basis. 

The Kendall Refining Company of Bri. 
ford, Pennsylvania, has added during th 
past year a phenol extraction plant with; 
capacity of 1,500 bbl. of oil per day. This w: 
is used for the extraction of neutrals a 
bright stock. The same company has recent 
added a Dubbs catalytic polymerization pla 
to their existing Dubbs cracking units. Ty 
new unit is capable of processing 1,(00,\) 
cu. ft. of gas per day. A low vapor pressur 
cracked gasoline is taken from the origin 
stabilizer and the gases are discharged unde 
stabilizer pressure to the polymerization wi! 
A further addition to the Kendall plant co: 
sists of a U. O. P. copper sweetening plant i 
straight-run gasoline, permitting treatme 
as a continuous operation. Gasoline is pas# 
through the reagent vessels on its way! 
storage tanks, producing a doctor sw 
gasoline. 

The Lummus Company has also instal 
an emulsion de-oiling plant at Bradiort 
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NEW 


ISO-FLOW RADIANT FURNACE 


PREFABRICATED 


Completely shop assembled for heat absorption 
up to 15,000,000 b.t.u.’s, per hour. Larger sizes 
shop prefabricated in large sections consistent with 


transportation facilities. 


Designed and built for all phases of general refinery service in- 
cluding distillation, cracking, high temperature gas pyrolisis and 
gas plants. Also as a pipe line heater and steam superheater. 
THE ISO-FLOW RADIANT FURNACE offers for the first time a 
completely prefabricated unit of large size with a minimum of 


installation labor and a low capital investment. 


THE ISO-FLOW RADIANT FURNACE has been developed for 
either high or low thermal efficiency and all of the radiant heating 
surface absorbs heat at the maximum permissible transfer rate and 
at a uniform heat intensity. The all radiant design for normal 
efficiency is readily modified to include an extended convection 


section or an air heater for high efficiency. 


The design and features of the ISO-FLOW RADIANT FURNACE 
are the subject matter of application for U. S. Letters Patent. 





Illustrated is an installation at a 
Texas Recycling Plant handling 
10,000 bbl. per day. This unit went 
on stream 81 days after receipt of 


order and immediately operated at 
25% over designed capacity. 

FIVE completely shop assembled 
ISO-FLOW RADIANT FURNACES 
are now in fabrication for installation 
in the Far East. 


PETRO-CHEM DEVELOPMENT COMPANY 


INCORPORATED 


120 EAST 4lst STREET, NEW YORK, N. Y. 
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Pennsylvania of the type that is described in 
detail on other pages of this issue. 

Elsewhere in Pennsylvania, the Quaker 
State Oil Refining Corporation has made 
additions to the boiler plant at their Farmers 
Valley refinery, consisting of a 65,000 lb. 
steam generator using pulversized coal. At the 
Emlenton plant of this company, a 45,000 lb. 
steam generator of the same type was in- 
stalled. Quaker State has also revamped the 
cracking facilities at the Emlenton plant and 
has installed additional reforming coils and 
polymerization equipment at their refinery 
at St. Mary’s, West Virginia. In addition sol- 
vent extraction plants have been completed 
at St. Mary’s and at Farmers Valley. 

Standard Oil Company of Ohio recently 
started construction of a catalytic polymeri- 
zation unit at its Cleveland plant, as a part of 
a $1,000,000 construction program, which has 
been announced for the Cleveland, Lima and 
Laconia refineries. At Canton, Ohio, the 
Canton Refining Company has increased its 
cracking capacity by the installation of a 
Dubbs unit. The Worth Refining Company 
recently began operation of a 2,000 bbl. per 
day cracking plant at Blue Island, Illinois. 

In Kentucky, the Ashland Oil and Refining 
Company has undertaken expansion of its 
distillation plant to increase the capacity by 
2,500 bbl. per day. Additions are being made 
to the steam generating and storage plant and 
the program calls for construction of a new 
vacuum flash unit for the production of 
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Single coil Dubbs unit at Brandan, Canada. 


asphalt. In Louisville, the Aetna Oil Service 
Incorporated has spent during the past year 
$100,000 on improvements to their cracking 
unit and on the erection of a new gasoline 
stabilizer and a continuous gasoline treater in 
connection with their 8,500 bbl. skimming and 
cracking plant. 

In Detroit, Michigan, the Aurora Gasoline 
Company, recently completed construction of 
a 2,000 bbl. per day Dubbs cracking unit 
located at Detroit with marine facilities on 
the River Rouge and connected with the 
Buckeye Pipeline. The Aurora Gasoline Com- 


Union’s alkylation unit at the 
refinery. 


Wilmington 








pany now operates two skimming plants, one 
at Detroit having a capacity of 4,000 bbl, per 
day of Illinois crude; the other is located at 
Elsie, Michigan, processing 3,000 bbl. per day 
of Michigan crude. At Alma, Michig»n, Mig. 
West Refineries, Incorporated, which recently 
acquired two plants of the Imperial Refining 
Company at Grandville, Michigan has begun 
the installation of a two-coil selective Dubbs 
cracking unit for 2,000 bbl. per day of topped 
Michigan crude. The Essex Refining Con. 
pany has recently completed construction of 
an 1,800 bbl. refinery at Essexville, Michigan 
to treat crude oil from the Wisner field jy 
Tuscola county. At Muskegon, Michigan, the 
Naph Sol Refining Company has installed g 
polymerization plant as has the Old Dute) 
Refining Company of the same city. 

Across the border, in Canada, the Imperia] 
Oil, Ltd. has recently let a contract for con. 
struction of a new coking plant in connection 
with its Sarnia refinery. An announcement was 
made earlier in the year that the Gas and (ji 
Products, Ltd. contemplated the addition of 
high-octane equipment to its present refinery 
in the Turner Valley field. Due to the in- 
creased demand for gasoline with octane num- 
bers of the order of 95 to 100, for modern 
bombers and fighting planes, the company 
had been making an investigation of the 
possibilities of adding to their plant. Another 
refinery operating on Turner Valley crude 
was completed during September. This is the 
2,000 bbl. plant of the North Star Oil, Ltd, 
being constructed near St. Boniface. 

At Petrolia, Ontario, the Canadian (jj 
Company, Ltd., is engaged in remodelling its 
present topping and cracking units by the 
addition of a Dubbs unit, to increase the 
capacity of their plant to 1,300 bbl. per day of 
topped crude. A catalytic polymerization unit 
for the production of polymer gasoline from 
the cracked gases will also be added to the 
refinery. 

At Kalistell, Montana, the Unity Petroleum 
Corporation revamped its plant early this 
year, increasing the capacity from 800 to 
1,100 bbl. per day, and adding a tetraethy! 
lead blending plant. Production Refining 
Corporation recently completed a 1,500 bbl. 
per day topping plant and a new tetraethyl 
lead blending plant as well as the addition of 
14,000 bbl. of crude oil storage space. 

The Wisconsin Oil Refinery Company 
started construction in July on a 5,000 bbl. per 
day skimming plant at Sheboygan, Wisconsin. 
It has been announced that the company 
expects to add a cracking unit at a later date. 

At the Casper, Wyoming refinery of The 
Texas Company, a catalytic polymerization 
unit is being installed at an expenditure of 
approximately $100,000. 

Early in 1940, the completion of the 
Alamosa, Colorado refinery of the Gramps 
Oil and Refining Corporation was announced. 
The plant consists of a topping unit with 1,000 
bbl. per day capacity and a two-coil Dubbs 
unit of 700 bbl. per day capacity. 

Announcement has been made of the con- 
struction soon to be undertaken of a 2,000 bbl. 
per day topping plant at Falls City, Nebraska 

(Continued on page 108) 
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“SNAP THE WHIP’ IS NO GAME FOR THE KELLY 


When a Kelly bar gets a permanent crook or bend 


there’s little to be done except to take it out of service 
and straighten it. 
Consequently it pays to make certain that the Kelly 
will stand up to its work without going out of true. 
Chromium-Molybdenum (SAE 4140) Steel is making 
good in Kelly bar service. It has high tensile strength. 
with uniform properties throughout the mass, and 


the hardness needed to stand rough usage and to 


PRODUCERS OF MOLYBDENUM BRIQUETTES, 


resist abrasion from mud passing through the bore. 
Furthermore, because of the relatively high yield 
tensile ratio of Chrome-Moly (SAE 4140), a Kelly bar 
made of it can be loaded nearer the tensile strength 
limit without danger of taking a permanent bend. 
This is only one of the Molybdenum steels which 
are serving so effectively in the oil fields. They are all 
described in our technical book, “Molybdenum Steels 


in Oil Production”, which will be sent free on request. 


FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 


RE re eee 
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Controllable Pumping Rates for Modern Refineries 


By J. C. Groff 


Aldrich Pump Company 


Devetorment of modern petroleum refin- 
ing, polymerization and other chemical 
processes necessarily involve the pumping of 
fluids at controllable rates against pressures of 
considerable magnitude. The cost-reducing 
need for economical power consumption dic- 
tates the use of the highly efficient reciproca- 
ting plunger pump for such pressures, 
particularly when the volumes pumped are 
not sufficiently great to obtain acceptable 
efficiencies with centrifugal pumps. 

The Aldrich-Groff controllable capacity 
pump was spezially developed to meet such 
requirements by affording, in combination 
with the conventional reciprocating plunger 
pump for medium and high pressure work the 
flexibility and smoothness of the centrifugal 
pump, mechanical reliability, and adapt- 
ability to stepless or straight line control in 
conjunction with automatic regulators of 
standard design. 

This new pump is of the reciprocating 
plunger type built in a vertical triplex 
arrangement and embodying simple but 
reliable mechanism for controlling the plunger 
stroke and, thereby, the pump delivery from 
zero to a rated maximum output. 

As shown in the cross-sectional drawings, 
this triplex pump is driven by a constant 
speed motor through double-reduction gear- 
ing. A connecting-rod from each of the three 
crankpins serves to oscillate a link about its 
point of attachment to a conventional cross- 
head at its upper end. Pivotally attached to 
the lower end of each link is a bronze guide 
block which slides back-and-forth in a curved 
track on the “stroke transformer’. The 
radius of curvature of this track is the same 
as the distance between it and the center of 
the cross-head pin. 

The stroke-transformer is arranged for 
tiltable adjustment about its longitudinal 


axis under control from a 4-way oil pilot 
valve, which serves to position a double- 
acting ‘‘servo-piston’”’ connected to the 
bracket on the underside of the transformer 
by a link. 

When the transformer occupies the position 
indicated by solid lines, the center of curva- 
ture of the tracks coincides with the center 
of the crosshead pin and no movement is 
imparted to the plungers even through the 
crankshaft continues to rotate. 
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The maximum designed stroke of the 
plunger is achieved when the transformer i 
tilted into the position indicated by dashed 
lines. Control of this positioning and of th 
rate of pump delivery is by means of » 
air-operated diaphragm head of convention,| 
type which is connected to the 4-way gj 
valve. This diaphragm head is, in tun, 
operated by control air from any standapj 
automatic regulator or controller of the gi:. 
pilot type. 
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Early type 35-ton contact sulphuric acid plant 


e120 
Poy in chemical . free 


plant design... =~ 
initiated by CHEMICO 


N the two diagrams shown above, drawn to the same scale, each 
circle and rectangle represents apparatus used in a typical con- 
tact sulphuric acid plant in 1920 and in 1940. Notice the sharp 
contrast ...in the amount of equipment required... in ground 
space occupied. 








Aci a This remarkable simplification with consequent improvements in 
economy of operation and reduction of investment has been devel- 

Recovery oped by the CHEMICO engineers through the unequaled resources 
P| ants of the CHEMICO organization and 26 years of experience obtain- 


ed from dozens of installations all over the world. 
@® Exclusive Processes and 
Equipment designed for 


specific refinery require- Similar improvements have been made in other chemical processes 

ments and proven by P ° . . 

years of service. as a result of the progressive policy of the CHEMICO organization. 
@ Extensive Research Lab- ° ° a ong ° ° 

coatetinn, tdlle enlaged Your inquiry is invited and will involve no obligation. 


for experimentation and 
origination of processes. 


® Acid Technologists whose 


highly successful develop- CHEMICAL CONSTRUCTION CORPORATION 


° pe a Main Offices: 30 Rockefeller Plaza, New York 
ing and Construction Or- : 
ganization with a 25-year Cables: Chemiconst, New York 
record of meeting guar- : 
antees. European Representatives: Cyanamid Products, Ltd., Berkhamsted, Heris, England 


CHEMICO PLANTS are PROFITABLE INVESTMENTS 
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PENNSYLVANIA . 
TURNPIKE 


THE LAST WORD IN SUPER-HIGHWAYS 


ALDRICH-GROFF “POWR-SAVR” 


CONTROLLABLE 


CAPACI 


bY 





-the last word for 
their purpose in the 
Oil Industry 


“Radically new in design and proven in practice” is 
a fitting term for the Aldrich-Groff controllable 
capacity pump designed for such severe services as 
handling butane and propane at high pressures. 
One of these pumps has been in service at the Mon- 
treal Refinery of the Shell Oil Co. of Canada Ltd. 
for over six months where its operation has been 
entirely satisfactory handling butane-propane mix- 
ture against discharge pressures of 1,150 to 1,400 
P.S.I. with suction pressures of 175-200 P.S.I. No 
difficulties—say Shell engineers—have been experi- 
enced in achieving controllable delivery between zero 
and the rated maximum capacity of 40 G.P.M. 
Its automatic stroke control system—operated by 
pilot air through a pressure range of 2 to 15# — 
has been effective in taking care of fluctuations in 
feed rate demands. 


Let us send you complete details and drawings of 
this remarkable new achievement in oil industry 
pump engineering, or 
have our sales engi- 
neers call. 


Pw MP Ss 
































ALDRICH PUMP COMPANY 


ALLENTOWN, 


PENNSYLVANIA 











LEACH EXCHANGERS | 


for 
High Temperatures 
High Pressures 





High Heat Transfer 
Low Vapor Pressure Drop 
Long Tube Life 
Easy Cleanability 


Leach Exchangers are fully protected 
by U. S. and foreign patents 


Cc. H. LEACH Co. 


117 Liberty St. New York 
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BOOKS 


World Petroleum Book De- 
partment at 95 River Street, 
Hoboken, N. J. can supply 
any book, whether technical, 
historical, general or fiction. 
Write today, enclosing your 
list with cheque or money 
order and the books will be 
shipped promptly. | 
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to which later will be added the crag, 
equipment. ; 

This report from Curtis Flint of Hayne 
California coincides with a report from R_) 
Swan of Joliet, Illinois that the Mid-g,,, 
Refining Company had acquired a 2,509 }, 
refinery which it was the intention of \, 
company to dismantle and transport ;, 
erection to Falls City, Nebraska. 

In Kansas, the Bareco Oil Company jg a4 
ing a new 2,500 bbl. per day skimmng yy; 
to its Wichita, Kansas refinery. On Janyay, 
of this year, the new 3,000 bbl. per 4, 
refinery of the Cooperative Refinery Asgo,, 
tion came on stream. Reconstruction Wor 
has also been announced by Skelly Oil Cop. 
pany for its El Dorado, Kansas refine, 
Additional gasoline recovery equipment yj 
be added and the two existing cracking yj; 
will be remodeled at a cost of approximatg: 
$250,000. Present capacity of the El Dori 
refinery is in the neighborhood of 23,000 pi) 
per day. A 2,500 bbl. per day, copper swee. 
ening unit is being added to the Derby ( 
Company refinery at Wichita. 

In Oklahoma, the Mid-Continent Petroley 
Corporation has installed a new Lumm 
emulsion de-oiling wax process, the ty, 
described in detail elsewhere in this issue, Th: 
Mid-Continent has completed a_prognn 
calling for the installation of considera}j; 
modern refining equipment in its Tuy 
refinery. 

In Texas, the Danciger Oil and Refinix 
Inc. is installing a two-coil selective typ 
residuum flashing Dubbs unit, with stabilize 
and absorber. Improvements to this plar 
also include the construction of a U. 0.! 
catalytic polymerization unit. The Dubs 
cracking and reforming processes replace a 
existing cracking unit at the Pampa, Tew 
plant of Danciger. Independent Refiniy 
Company is building absorber and stabilize 
equipment and a catalytic polymerizatia 
unit at their Arp Texas refinery. Pure (il: 
installing a Gray clay treating process at it 
Smiths Bluff, Texas refinery. The unit is & 
signed to treat polymer gasoline for th 
removal -of gum-forming material. Phoe 
Refining Company started construction o!: 
2,000 bbl. refinery in Houston county in Ju 
of this year. Also in July, the thermal pol 
merization unit that has been constructed # 
the Wichita Falls, Texas refinery of tl 
Continental Oil Company came on streal 
The new unit which cost in the neighborhow 
of $750,000 is expected to produce a minimu! 
of 500 bbl. of high octane polymer gasolit# 


daily. Magnolia Petroleum Company 1) 


started work on its Fort Worth refinery 
the addition of a new combination unit a 
polymerization plant. Existing equipme! 
will be modernized and the total capacity 
the revamped plant is expected to reat 
20,000 bbl. per day. The Levelland, Te 
plant of Motor Fuel Corporation has bee 
modernized to increase its capacity from 3, 
to 5,000 bbl. per day at a cost of approximalr 
ly $100,000. 

At Lake Charles, Louisiana an entirely 
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‘*KLINGERIT,” the original Compressed Asbestos 
Jointing (sheet packing), has served the Petroleum 
Industry since its earliest years. The most convenient 
and safest jointing material available—for refinery 
plant, stills, pipe lines—wherever lasting joints and 
resistance to heat, pressure, oils, chemicals and steam 
are required. 


“KLINGER-OILIT” is a Jointing Material specially 
designed for petroleum work, particularly when it is 
not required to use such a high grade material as 
‘“*Klingerit.” It is absolutely resistant to oils of all 
types and can be used for medium pressure steam 
lines, natural gas and water lines, etc. Being some- 
what softer than “Klingerit” it takes the place of 
perishable jointings such as rubber insertion and cork 
and is a valuable general purpose jointing. 


Both materials are available in thicknesses from 
008” up to }” in sheets or in the form of ready cut 


GASKETS 





e 
1) 
RICHARD KLINGER LTD. - KLINGERIT WORKS 
ANNUAL REFINERY 
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NEW DEVELOPMENT MAKES 


AIRETOOL’S «3000” 
: Cleaner saves hours 
of needless «down time” 





It's real news when a tube cleaner cuts cleaning 
time more than 50%. And that’s just what hap- 
pened when a new Airetool “3000” Cleaner was 
tested on a particularly tough job. Airetool’s 28% 
power increase, resulting from a NEW power seal, 
made it possible. 

A wider range of cutter head combinations can 
be used. The motor picks up instantly when air is 
applied. Constant torque at low speeds prevents 
stalling. Other features are described in our Bulle- 
tin WP-58 on “3000” Cleaners and refinery special- 
ties. FREE on request. 

Airetoo! Eliminates Dangers in Cleaning Catalyst Reactor Tubes 


If you have been confronted with the hazards of 
this cleaning job, you'll welcome the new Airetool 
development that makes it safe. Full details on 
request. 


AIRETOOL MFG. CO. 


SPRINGFIELD. OHIO 


Representatives in principal cities New York City, 50 Church St. 


BOOKS 


World Petroleum Book Department at 95 
River Street, Hoboken, N. J. can supply any 
book, whether technical, historical, general 
or fiction. Write today, enclosing your list 
with cheque or money order and the books 


will be shipped promptly. 
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plant is under construction for Contineny 
Oil Company at West Lake, three miles from 
Lake Charles. The 10,000 bbl. per day refinery 
consists of a combination unit with crude 
topping, casinghead-gasoline Stabilization, 
cracking, reforming, alkylation and oly. 
merization. F 

In Arkansas, the Lion Refining Compary 
has increased the capacity of its El Dor, 
refinery and has added a new Lummus om, 
bination gas-oil cracking and reformiy 
furnace. 

In California, the Union Oil Company hy 
added a phenol treating plant to augment ty 
facilities for the manufacture of solve, 
process lubricating oil at its Oleum Refine, 
The company has also completed constrys. 
tion of an alkylation plant at its Wilmingty, 
refinery for the production of 100 octay 
aviation gasoline. A polymerization plant hy 
been added to the Oleum refinery. Mop 
recently, construction has been commencg 
on coking and hydroformer plants for ty 
manufacture of high octane cracked gasoliry 
and on an asphalt tubular still plant, y 
Oleum. Union has also performed a conside. 
able amount of work in modernizing aj 
expanding refining facilities both at th 
Wilmington and the Oleum refineries. A ty. 
coil selective Dubbs cracking unit with eng 
distillation equipment is being built by 
Douglas Oil and Refining Company in Im 
Angeles county, designed by Universal (jj 
Products engineers. The plant is being co. 
structed by the Fluor Corporation of Ig 
Angeles. Richfield Oil Corporation has instal. 
ed an alkylation unit at its Watson refineryin 
Los Angeles county. This work was also pe- 
formed by the Fluor Corporation and with 
other minor modernization work at this plant 
is reported to cost in the neighborhood ¢ 
$700,000. Rothchild Oil Company is installing 
adjacent to its 3,000 bbl. per day skimmiy 
plant, a Dubbs cracking unit and a U. 0.?, 
catalytic polymerization unit. The two-til 
cracking unit will have a capacity of 2,200 bbl 
per day and the catalytic polymerization wit 
will handle 500,000 cu. ft. of cracked gas pe 
day for production of 82-84 octane polym 
gasoline. Another Dubbs catalytic polymeria- 
tion unit with a capacity of 345,000 eu. ft.d 
gas per day, is being installed by Pathfinde 
Petroleum Company at its Los Alamie 
Refinery. 

While the foregoing is only a partial listd 
the new construction, modernization and™ 
modelling that has taken place in the Unitel 
States during the past year, it is sufficient 
indicate that the demand for higher octal 
motor fuel, for high pressure lubricants, # 
for aromatic products for possible use ® 
national defense have combined with & 
availability of a number of new thermal a 
catalytic processes to produce a consideral 
amount of activity in building on the part 
U. S. refiners. With the anticipated incre 
in commercial demand for petroleum 
soon as the government program for prod 
tion of specialized products of a militi 
nature becomes more clear, it may be expe 
ed that a substantial increase in refinery @ 
struction and modernization will be witné 
during the coming year. 
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